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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] This Invention relates to a method and appa- 
ratus for measuring a concentration of glucose in a living 
body. This Invention particularly relates to a method and 
apparatus for measuring non-lnvasively the concentre- io 
tion of glucose in the aqueous humor in the anterior 
aqueous chamber of the eyeball, and a method and ap- 
paratus for measuring non-lnvasively the concentration 
of glucose in the blood in accordance with the concen- 
tration of glucose in the aqueous humor. is 

Description of the Prior Art 

[0002] The mean level of glucose in the blood varies 
for different persons and is an Important index for deter- 20 
mining whether dmgs are to be or are not to be admin- 
istered to diabetic patients. 

[0003] The concentration of glucose in the blood has 
the characteristics such that It fluctuates markedly within 
a very short time in accordance with food Intake, phys- 2s 
leal activity, a complication by another disease, or the 
like. Urgent dosage is often required due to a sharp In- ' 
crease in concentration of blood glucose. 
[0004] Therefore, as for patients having such a dis- 
ease, it is desired that the concentration of glucose in so 
the blood can be monitored at as short Intervals as pos- 
sible. Ordinarily, monitoring of the concentration of glu- 
cose in the blood Is carried out by lancing the finger of 
the patient In order to obtain a drop of blood, analyzing 
the drop of blood, and thereby measuring the concen- ss 
tration of glucose in the blood. Since the iancing of the 
finger Is painful, it is difficult to compel the patients to 
undergo the measurement procedure rnany times per 
day. 

[0005] Accordingly, recently, In lieu of the Invasive 40 
measurements having the drawbacks described above, * 
various non-invasive measuring methods, which are not 
accompanied by pain, have been proposed. 
[0006] The non-invasive measuring methods are pri- 
marily based upon the findings in that the concentration <5 
of glucose in the aqueous humor, which fills the anterior 
aqueous chamber located between the cornea and the 
crystalline lens of the human eyeball, has strong con'e- 
lation with the concentration of glucose in the blood, 
though the level of correlation varies for different per- so 
sons.. With the non-invasive measuring methods, the 
concentration of glucose In the aqueous humor is meas- 
ured non-lnvasively. 

[0007] For example, a glucose sensorsystem, where- 
in the angle of rotation of infrared radiation having Im- S5 
pinged upon the aqueous humor is measured, and the 
concentration of glucose having relationship with the an- 
gle of rotation is thereby detemnined. is proposed in, for 



example, U.S. Patent No. 3.958,560. 
[0008] Also, a technique for measuring stimulated Ra- 
man light from glucose is disclosed in, for example. WO 
92/10131. 

[0009] Further, a device for measuring the optical 
properties of light reflected from the crystalline lens of 
the eye Is described In, for example, U.S. Patent No. 
5,535,743. Furthemiore, a method for measuring the 
concentration of glucose in the aqueous humor is de- 
scribed In, for example, U.S. Patent No. 5.433,1 97. 
[0010] However, with the devtee described in U.S. 
Patent No. 5,535,743, light reflected from the iriterface 
between the cornea and the aqueous humor cannot be 
eliminated, and Information representing absorption at 
the cornea Is detected together with the necessary in- 
formation. Therefore, the accuracy, with which the con- 
centration of glucose In the aqueous humor is deter- 
mined, cannot be kept high. , 
[0011] Further, in U.S. Patent No. 5,535.743, nothing. 
Is disclosed as to technical means to be used for meas- 
uring a minute change in absoriaance. Therefore, the de- 
vice described in U.S. Patent No. 5,535,743 cannot be 
appropriately used In practice. 
[001 2] As for the glucose sensor system proposed In 
U.S. Patent No. 3,958,560, niany compounds otherthan 
glucose in the aqueous humor are optically active and 
take part in rotation of tiie plane of polarization. Also, 
the cornea exhibits birefringence and tiierefore causes 
rotation of the plane of polarization to occur. According- 
ly, with the glucose sensorsystem proposed in U.S. Pat- 
ent No. 3,958,560, wherein the concentration of giiicose 
in the aqueous humor is detennlned from the angle of 
rotation, the measurement accuracy cannot be kept 
high. 

[001 3] With the technique disclosed in WO 92/1 01 31 , 
in order for stimulated Raman light from glucose to be 
measured, a pump laser beam having a high Intensity 
is introduced into the anterior aqueous chamber and in 

a direction normal to the vision line optica! axis. There- 
fore, a practical measuring system cannot be constitut- 
ed easily. 

SUMMARY OF THE INVEfvlTION 

[0014] The primary object of the present invention is 
to provide a glucose concentration measuring method, 
wherein the concentration of glucose in the aqueous hu- 
mor Is measured non-invasively and with a high accu- 
racy. 

[0015] Another object of the present invention Is to 
provide a glucose concentration measuring method, 
wherein the concentration of glucose in the blood Is 
measured non-lnvasively from the non-lnvasively ob- 
tained concentration of glucose in the aqueous humor. 
[0016] Another object of the present invention Is to 
provide an apparatus for carrying out the glucose con- 
centration measuring method. 
[0017] The present Invention provides a first glucose 
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concentration measuring method, comprising the steps 
of: 

I) splitting a low coherence light beam, which has 
been radiated out of a predetermined light source, 
into a signal light beam and a reference light beam, 
each of which travels along one of two different op- 
tical paths, 

II) modulating at least either one of the signal light 
beam and the reference light beam such that a 
slight difference in frequency may occur between 
them, 

ill) inradiating the signal light beam to the eyeball ly- 
ing at a predetermined position, 
Iv) causing a first backward scattered light beam of 
the signal light beam having been irradiated to the 
eyeball, the first backward scattered light beam 
coming from an interface between the cornea and 
the anterior aqueous chamber of the eyeball, and 
the reference light beam to interfere with each other 
by adjusting an optical path length of the reference 
light beam, a first interference light beam being 
thereby obtained, 

V) measuring an intensity of the first interference 
light beam, 

vi) calculating an Intensity of the first backward scat- 
tered light beam from the intensity of the first Inter- 
ference light beam, 

vli) causing a second backward scattered light 
beam of the signal light beam having been irradiat- 
ed to the eyeball, the second backward scattered 
light beam coming from an Interface between the 
anterior aqueous chamber and the crystalline lens 
of the eyeball, and the reference light beam to In- 
terfere with each other by adjusting the optical path 
length of the reference light beam, a second inter- 
ference light beam being thereby obtained, 
vlli) measuring an intensity of the second interfer- 
ence light beam, 

ix) calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond Interference light beam, 
X) obtaining light absorption characteristics of con- 
stituents of the aqueous humor, which fills the an- 
terior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
of the second backward scattered light beam, 

xi) obtaining light absorption characteristics of the 
constituents of the aqueous humor with respect to 
each of a plurality of other low coherence light 
beams, which are of wavelength bands different 
from the wavelength band of the low coherence iight 
beam, in the same manner, and 

xii) calcuiating a concentration of glucose in the 
constituents of the aqueous humor from the light ab- 

. sorption characteristics, which have been obtained 
with respect to the pluriallty of the low coherence 
light beanns. 



[0018] In the first glucose concentration measuring 
method In accordance with the present invention,' as the 
iight source for producing each of the low coherence 
iight beams, a super-luminescent diode (SLD), a light 
emitting diode (LED), or the like, which produces a light 
beam having a cohei'ence length of as short as approx- 
imately several tens of microns, may be employed. 
Practically, an SLD having a high directivity should pref- 
erably be used. 

[0019] The term "measuring an intensity of an inter- 
ference light beam" as used herein means the measure- 
ment of the Intensity of the beat signal (i.e., the Interfer- 
ence light beam), the intensity of which repeatedly be- 
comes high and low at a frequency equal to the differ- 
ence between the frequencies of the backward scat- 
tered light beam (I.e., the signal light beam) and the ref- 
erence light beam, 

[0020] In the first glucose concentration rneasuring 
rnethod In accordance with the present invention, each 
of the low coherence light beams may be selected as a 
portion of light, which is of an emission wavelength band 
wider than the wavelength band of each low coherence 
light beam. Alternatively, each of the low coherence light 
beams may be radiated out of one of a plurality of dif- 
ferent light sources. 

[0021] In cases where a plurality of different light 
sources, which produce the low coherence light beams 
of different wavelength bands, are employed, the low 
coherence light beams may be radiated successively 
out of the plurality of the light sources, and the interfer- 
ence light beanns corresponding to the low coherence 
light beams may be detected with a single photodetec- 
tor. 

[0022] The present invention also provides a second 
glucose concentration measuring method, comprising 
the steps of: 

i) splitting a coherent light beam (e.g., a laser 
beam), which has been radiated out of a predeter- 
mined light source and the frequency of which is 
swept temporally in a sawtooth-like fomri (e.g., as 
illustrated in Figure 6), into a signal light beam and 
a reference iight beam, each of which travels along 
one of two different optical paths, 
11) in'adiating the signal light beam to the eyeball ly- 
ing at a predetemiined position, 
ill) causing a first backward scattered light beam of 
the signal light beam, the first backward scattered 
tight beam coming from an interface between the 
cornea and the anterior aqueous chamber of the 
eyeball, and the reference iight beam to interfere 
with each other, the reference iight beam being con- 
stituted of the coherent light beam, which has been 
radiated out of the light source with a difference in 
time in accordance with a difference between an op- 
tical path length of the signal light beam (traveling 
from the position, at which the signal light beam is 
split from the reference light beam, to the interface 
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between the cornea and the anterior aqueous 
^chamber of the eyeball) and the first baclcward scat- 
tered light beam (traveling from the Interface be- 
tween the cornea and the anterior aqueous cham- 
ber of the eyeball to the position, at which the first 
backward scattered light beam interferes with the 
reference light beam) and an optical path length of 
the reference light beam (traveling from the posi- 
tion, at which the reference light beam is split from 
the signal light beam, to the position, at which the 
reference light beam interferes with the first baclc- 
ward scattered light beam), and which has a differ- 
ence in frequency with respect to the first baclward 
scattered light beam, a first interference light beam 
being thereby obtained, 

Iv) measuring an intensity of the first Interference 
light beam, 

V) calculating an intensity of the first baclcvard scat- 
tered light beam from the intensity of the first inter- 
ference light beam, 

vl) causing a second backward scattered light beam 
of the signal light beam, the second backward scat- 
tered light beam coming from an interface between 
the anterior aqueous chamber and the crystalline 
lens of the eyeball, and the reference light beam to 
interfere with each other, the reference light beam 
being constituted of the coherent light beam, which 
has been radiated out of the light source with a dif- 
ference in time in accordance with a difference be- 
tween an optical path length of the signal light beam 
(traveling from the position, at which the signal light 
beam Is split from the reference light beam, to the 
interface between the anterior aqueous chamber 
and the crystalline lens of the eyeball) and the sec- 
ond backward scattered light beam (traveling from 
the interface between the anterior aqueous cham- 
ber and the crystalline lens of the eyeball to the po- 
sition, at which the second backward scattered light 
beam Interferes with the reference light beam) and 
an optical path length of the reference light beam 
(traveling from the position, at which the reference 
light beam is spilt from the signal light beam, to the 
position, at which the reference light beam inter- 
feres with the second backward scattered light 
beam), and which has a difference in frequency with 
respect to the second backward scattered light 
beam, a second interference light beam being 
thereby obtained, 

vli) measuring an intensity of the second interfer- 
ence light beam, 

vlli) calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond interference light beam, 
Ix) obtaining light absorption characteristics of con- 
stituents of the aqueous humor,- which fills the an- 
terior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
of the second backward scattered light beam, 
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X) obtaining light absorption characteristics of the 
constituents of the aqueous humor with respect to 
each of a plurality of other coherent light beams^ 
which have wavelengths different from the wave- 
length of the coherent light beam, in the same man- 
ner, and 

xi) calculating a concentration of glucose in the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the coherent light 
beams. 



[0023] In the second glucose concentratlori measur- 
ing method in accordance with the present invention, the 
reference light beam, which is caused to interfere with 
the first backward scattered light beam, has a difference 
in frequency with respect to the first backward scattered 
light beam. The reasons for this will be described here- 
inbelow. 

20 [0024] The optical paths are set such that the sum of 
the length of the optical path, along which the signal light 
beam travels, and the length ot the optical path, along 
which the first backward scattered light beam travels, 
may be different from the length of the opttea! path, 

2S along which the reference light beam travels. (The op- 
tical path length of the reference light beam may be 
shorter than the sum of the optical path lengths of the 
signal light beam and the first backward scattered light 
beam. 

30 Alternatively, the optical path length ot the reference 
light beam may be longer than the sum of the optical 
path lengths of the signal light beam and the first back- 
ward scattered light beam.) Due to the difference in op- 
tical path length, for example, in cases where the optical 

35 path length of the reference light beam is shorter than 
the sum of the optical path lengths of the signal light 
beam and the first backward scattered light beam, the 
reference light beam arrives at the position, at which the 
wavefront matching (the interference) is effected, with 

40 an earlier timing than the first backward scattered light 
beam does. 

[0025] Specifically, at the time at which the first back- . 
ward scattered light beam arrives at the position of in- 
terference, the reference light beam, which was split 

45 from the signal light beam that fomied theflrst backward 
scattered light beam, has already passed through the 
position of interference, and the reference light beam, 
which Is a portion of the coherent light beam radiated 
out of the light source with a later timing than the signal 

so light beam was, arrives at the position of interference. 
[0026] The frequency of the coherent light beann, 
which is radiated out of the light source with a later timing 
than the signal light beam was. Is swept temporally. 
Therefore, there is a slight difference in frequency be- 

55 tween the reference light beam, which is caused to In- 
terfere with the first backward scattered light beam, and 
the first backward scattered light beam. 
[0027] The reference light beam, whteh Is caused to 
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interfere with the second backward scattered light 
beam, has a frequency different from the frequency of 
the reference light beam, which Is caused to interfere 
with the first backward scattered light beam. Specifical- 
ly, the first backward scattered light beam comes from 
the interface between the cornea and the anterior aque- 
ous chamber, and the second backward scattered light 
beam comes from the interface between the anterior 
aqueous chamber and the crystalline lens, the letter in- 
terface being located at a position in the eyeball deeper 
than the former Interface. Therefore, a difference in 
time, which corresponds to the difference in optical path 
length between the first backward scattered light beam 
and the second backward scattered light beam (the dif- 
ference being two times as long as the thickness of the 
anterior aqueous chamber), occurs between when the 
first backward scattered light beam arrives at the posi- 
tion of Interference and when the second backward 
scattered light beam arrives as the position of Interfer- 
ence. As a result, the reference light beam, whteh is 
caused to Interfere with the second backward scattered 
light beam, Is the one constituted of a portion of the co- 
herent light beam, which is radiated out of the light 
source with a later timing than the reference light beam 
caused to Interfere with the first backward scattered light 
beam is. 

[0028] In the second glucose concentration measur- 
ing method in accordance with the present invention, the 

coherent light beams may be selectively radiated out of 
a single light source. Alternatively, each of the coherent 
light beams may be radiated out of one of a plurality of 
different light sources. 

[0029] The present Invention further provides a third 
glucose concentration measuring method, comprising 
the steps of: 

I) irradiating an ultrashort pulsed light beam, which 
has been radiated out of a predetermined light 
source, to the eyeball, 

II) measuring each of an intensity of a first backward 
scattered light beam of the ultrashort puised light 
beam, the first backward scattered light beam com- 
ing from an Interface between the cornea and the 
anterior aqueous chamber of the eyeball, and an 
Intenslty.of a second backward scattered light beam 
of the ultrashort pulsed light beam, the second 
backward scattered light beam coming from an in- 
terface between the anterior aqueous chamber and 
the crystalline lens of the eyeball, 

Hi) obtaining light absorption characteristics of con- 
stituents of the aqueous humor, which fills the an- 
.terior aqueous chamber, from the Intensity of the 
first backward scattered light beam and the Intensity 
of the second backward scattered light beam, 
Iv) obtaining light absorption characteristics of the 
constituents of the aqueous humor with respect to 
each of a plurality of other ultrashort pulsed light 
beams, whk;h have wavelengths different from the 



wavelength of the ultrashort pulsed light beam, in 
the same manner, and 

v) catoulating a concentration of glucose in the con- 
stituents of the aqueous humor from the light ab- 
5 sorption characteristics, which have been obtained 
with respect to the plurality of the ultrashort pulsed 
light beams having different wavelengths. 

[0030] The temn "ultrashort pulsed light beam" as 

10 used herein means the pulsed light beam, which Is emit- 
ted for a very short time (e.g., on the order of femtosec- 
onds to picoseconds) such that the intensity of the f jrst 
backward scattered light beam and the Intensity of the 
second backward scattered light beam coming from the 

IS interface between the anterior aqueous chamber and 
the crystalline len^ can at least be separated temporally 
and measured respectively. The ultrashort pulsed light 
beam may be produced by a mode locked Ti:sapphlre 
laser, or the like, in cases where the ultrashort pulsed 

20 light beam is employed, the second backward scattered 
light beam, whtoh lags behind the first backward scat- 
tered light beam by a length of time corresponding to 
the distance two times as long as the thickness of the 
anterior aqueous chamber, can be detected separately 

25 from the first backward scattered light beam by using a 
photodetector capable of effecting time resolution, such 
as a streak camera. 

[0031] In the third glucose concentration measuring 
method in accordance with the present invention, the 

30 ultrashort pulsed light beams may be selectively radiat- 
ed out of a single light source. Alternatively, each of the 
ultrashort pulsed light beams may be radiated out of one 
of a plurality of different light sources. 
[0032] The present invention still further provides a 

35 fourth glucose concentration measuring method, com- 
prising the steps of: 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which concentra- 
tions have been measured with the aforesaid first, sec- 

40 ond, or third glucose concentration measuring method 
in accordance with the present invention, invaslvely 
measuring the corresponding concentrations of glucose 
in the blood, correlation between the concentrations of 
glucose in the constituents of the aqueous humor and 

45 the concentrations of glucose in the blood being thereby 
detemiined previously, and 

thereafter non-lnvasively detennining a concen- 
tration of glucose in the blood from a concentration of 
glucose In the constituents of the aqueous humor, which 

50 concentration Is newly measured with the aforesaid first, 
second, or third glucose concentration measuring meth- 
od in accordance with the present invention, and the cor- 
relation. 

[0033] The present invention also provides an appa- 
55 ratus for carrying out the aforesaid first glucose concen- 
tration measuring method In accordance with the 
present Invention. Specifically, the present invention al- 
so provides a first glucose concentration measuring ap- 
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paratus, comprising: 

i) a light source device for radiating out a plurality 
of low coherence light beams, which are of different 
emission wavelength bands, , 5 

ii) an optical path splitting means tor splitting each 
of the Ipw coherence light beams, which has been 
radiated out of the tight source device, into a signal 
light beam irradiated to the eyeball and a reference 
light beam, each of which travels along one of two io 
different optica! paths, 

ill) a modulation means, which is located in at least 
..either one of the two different optical paths and 
modulates at least either one of the signal light 
beam and the reference light beam such that a is 
slight difference in frequency may occur between 
them, 

iv) an optical path length adjusting means for ad- 
justing the length of the optical path, along which 
the reference light beam travels, 20 
V) a wavetront matching means for 

matching a wave front of a first bacl<ward scat- 
tered light beam of the signal light beam having 
been irradiated to the eyeball, the first back- 2s 
ward scattered light beam-coming from an In- 
terface between the comea and the anterior 
aqueous chamber of the eyeball, and a wave 
front of the reference light beam with each oth- 
er, and 30 
matching a wave front of a second backward 
scattered light beam of the signal light beam 
having been irradiated to the eyeball, the sec- 
ond backward scattered light beam coming 
from an interface between the anterior aqueous 3s 
chamber and the crystalline lens of the eyeball; 
and a wave front of the reference light beam 
with each other, 

vi) a photodetector for photoelectricaily detecting an 40 
intensity of a first interference light beam, which is 
obtained from the matching of the wave front of the 
first backward scattered light beam and the wave 
front of the reference light beam with each other, 
and an intensity of a second Interference light 45 
beam, which is obtained from the matching of the 
wave front of the second backward scattered light 
beam andthe wave front of the reference light beam 
with each other, 

vil) a heterodyne operation means for calculating an so 
intensity of the first backward scattered light beam 
from the Intensity of the first interference light beam, 
and calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond interference light beam, S5 
viii) a light absorption characteristics analyzing 
means for obtaining light absorption characteristics . 
of constituents of the aqueous humor, which fills the 



anterior aqueous chamber, from the intensity of the 
first backward scattered light beam and the Intensity 
of the second backward scattered light beam, arid 
ix) a glucose concentration calculating means for 
calculating a concentration of glucose In the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the low coherence 
light beams. ' 

[0034] In the first glucose concentration measuring 
apparatus in accordance with the present Invention, the 
light source device may comprise a single light source 
for radiating out low coherence light, which is of an emis- 
sion wavelength band wider than the wavelength band 
of each of the low coherence light beams, and a wave- 
length selecting means for selecting each of the low co- 
herence tight beams with respect to the wavelength from 
the low coherence light, whtoh is of the wide emission 
wavelength band. Alternatively, the light source devtee 
may comprise a plurality of light sources, each ofwhich 
radiates out one of the low coherence light beams. 
[0035] The present invention further provides an ap- 
paratus for carrying out the aforesaid second glucose 
concentration measuring method in accordance with the 
present invention. Specifically, the present invention fur- 
ther provides a second glucose concentration measur- 
ing apparatus, comprising: 

i) a light source device for radiating but a plurality 
of coherent light beams, which have different wave- 
lengths and the frequencies ofwhich are swept tem- 
porally in a sawtooth-like fomn (e.g., as illustrated in 

Figures), 

ii) an optical path splitting means for splitting each 
of the coherent light beams, which has been radiat- 
ed out of the light source device and the frequency 
of which is swept, Into a signal light beam irradiated 
to the eyeball and a reference light beam, each of 
which travels along one of two different optical 
paths, 

iii) a wavefront matching nrieans for 

matching a wave front of a first backward scat- 
tered light beam of the signal light beam, the 
first backward scattered light beam coming 
from an interface between the cornea and the 
anterior aqueous chamber of the eyelaali, and 
a wave front of the reference light beam with 
each other, the reference light beam being con- 
stituted of the coherent light beam, which has 
been radiated out of the light source device with 
a difference in time In accordance with a differ- 
ence between an optical path length of the sig- 
nal light beam and the first backward scattered 
tight beam and an optical path length of the ref- 
erence light beam, and whtoh has a difference 
in frequency with respect to the first backward 
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scattered light beam, and 
matching a wave front of a second bacicward 
scattered light beam of the signal light beam, 
the second backward scattered light beam 
coming from an interface between the anterior 
aqueous chamber and the crystalline lens of 
the eyeball, and a wave front of the reference 
light beam with each other, the reference light 
beam being constituted of the coherent light 
beam, which has been radiated out of the light 
source device with a difference In time in ac- 
cordance with a difference between an optical 
path length of the signal light beam and the sec- 
ond backward scattered light beam and an op- 
tical path length of the reference light beam, 
and which has a difference in frequency with 
respect to the second backward scattered light 
beam. 

iv) a phbtodetector for photoeiectrically detecting an 
intensity of a first Interference light beam, which is 
obtained from the matching of the wave front of the 
first backward scattered light beam and the wave 
front of the reference light beam, the reference light 
beam having the slight difference In frequency with 
respect to the first backward scattered light beam, 
with each other, and an intensity of a second inter- 
ference light beam, which is obtained from the 
matching of the wave front of the second backward 
scattered light beam and the wave front of the ref- 
erence light beam, the reference light beam having 
the slight difference In frequency with respect to the 
second backward scattered light beam, with each 
other, 

V) a heterodyne operation means for calculating an 
intensity of the first backward scattered light beam 
from the intensity of the first interference light beam, 
and calculating an Intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond Interference light beam, 
vi) a light absorption characteristics analyzing 
means for obtaining light absorption charactenstics 
of constituents of the aqueous humor, which fills the 
anterior aqueous chamber, from the Intensity of the 
first backward scattered light beam and the Intensity 
of the second backward scattered light beam, and 
vli) a glucose concentration calculating means for 
calculating a concentration of glucose In the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the coherent light 
beams. 

[0036] In the second glucose concentration measur- 
ing apparatus in accordance with the present invention, 
the light source devtee may comprise a single light 
source capable of selectively radiating out each of the 
plurality of the coherent light beams, and a control 



means for controlling the light source such that the light 
source may selectively radiate out one of the plurality of 
the coherent light beams. Alternatively, the light source 
device may comprise a plurality of light sources, each 

5 of which radiates out one of the coherent light beams. 
[0037] The present invention still further provides an 
apparatus for canying out the aforesaid third glucose 
concentration measuring method in accordance with the 
present Invention. Specifically, the present invention still 

10 further provides a third glucose concentration measur- 
ing apparatus, comprising: 

I) a light source device for radiating out a plurality 
of ultrashort pulsed light beams, which have differ- 

'5 ent wavelengths, 

II) an optical time-domain backward scattering 
measurement means for irradiating the ultrashort 
pulsed light beam to the eyeball, and canying out 
time series measurement of each of an Intensity of 

20 a first backward scattered light beam of the ul- 
trashort pulsed light beam, the first backward scat- 
tered light beam coming from an Interface between 
the cornea and the anterior aqueous chamber of the 
eyeball, and an Intensity of a second backward 
2S scattered light beam of the ultrashort pulsed light 
beam, the second backward scattered light beam 
coming from an Interface between the anterior 
^ aqueous chamber and the crystalline lens of the 
eyeball, 

30 iii) a . light absorption characteristtos. analyzing 
means for obtaining light absorption characteristics 
of constituents of the aqueous humor, which fills the 
anterior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
35 of the second backward scattered light beam, and 
Iv) a glucose concentration calculating means for 
cateuiattng a concentration of glucose In the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
40 with respect to the plurality of the ultrashort pulsed 
light beams having different wavelengths. 

[0038] In the third glucose concentration measuring 
apparatus In accordance with the present invention, the 

45 light source device may comprise a single light source 
capable of selectively radiating out each of the plurality 
of the ultrashort pulsed light beams, and a control 
means for controlling the light source such that the light 
source may selectively radiate out one of the.plurality of 

so the uttrashort pulsed light beams. Alternatively, the light 
source device may comprise a plurality of light sources, 
each of which radiates out one of the ultrashort pulsed 
light beams. 

[0039] The present invention also provides a fourth 
55 glucose concentration measuring apparatus, conripris- 
Ing a table representing congelation between concentra- 
tions of glucose in the constituents of the aqueous hu- 
mor, which concentrations have been measured with 
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the aforesaid first, second, or third glucose concentra- 
tion measuring apparatus in accordance with the 
present invention, and concentrations of glucose In the 
blood, which have been measured previously, 

wherein a concentration of glucose In the blood is 5 
non-lnvaslvely detenmlned from a concentration of glu- 
cose In the constituents of the aqueous humor, which 
concentration is newly measured with the aforesaid first, 
second, or third glucose concentration measuring appa- 
ratus in accordance with the present Invention, and the io 
table. 

[0040] With the first and second glucose concentra- 
tion measuring methods and the first and second glu- 
cose concentration measuring apparatuses in accord- 
ance with the present Invention, wherein the optical het- is 
erodyne backward scattering measurement technique 
is employed, each of an Intensity \^ of the weal< first 
backward scattered light beam of the Incident light 
beanri, the first backward scattered light beam coming 
from the interface between the cornea and the anterior ^ 
aqueous chamber, and an intensity lp,3 of the weak sec- 
ond backward scattered light beam of the incident light 
beam, the second backward scattered light beam com- 
ing from the interface between the anterior aqueous 
chamber and the crystalline lens, can be detected ac- 
curately 

[0041] As Illustrated in Figure 2, the intensity of the 
incident light beam impinging upon the eyeball is repre- 
sented by Iq. The reflectivity of the interface between air 
and the cornea is represented by R^, the reflectwity of 30 
the Interface between the cornea and the anterior aque- 
ous chamber is represented by Rg. and the reflectivity 
of the Interface between the anterior aqueous chamber 
and the crystalline lens is represented by R3. Also, the 
optical absorbance of the cornea with respect to the in- 35 
cident light beam along one way of the optical path is 
represented by o^, and the optical absorbance of the 
anterior aqueous chamber (the aqueous humor) with re- 
spect to the incident light beam along one way of the 
optical path is represented by 02- In such cases, the In- 40 
tensity Ir2 of the first backward scattered light beam and 
the intensity 1^,3 of the second backward scattered light 
beam may be represented by Formulas (1) and (2) 
shown below. 

45 

iR2=lo(1-Ri)^R2n-«i)'' (1) 

lR3=Jo(1-Ri)'(1-R2)^R3(1-ai)^1-aa)^ (2) 

[0042] The ratio (IR3/IR2) of the intensity 1^3 of the sec- 
ond backward scattered light beam to the intensity Ir2 
of the first backward scattered light beam, each intensity 
having been detected accurately, may be represented 
by Fomiula (3) shown below. 



Ir3/Ir2={R3/R2) (1-R2)^1-a2)^ , (3) 

Since 1^3, l^g, R3, and Rg are already known, the optical 
absorbance 02 of the aqueous humor with respect to the 
incident light beam along one way of the optical path 
can be calculated from them, 

[0043] Besides glucose, the aqueous humor contains 
a plurality of other constituents, such as NaCL There- 
fore, the operation described above is carried out re- 
peatedly for a plurality of the incident light beams having 
different wavelengths, and known near-infrared spec- 
troscopy Including a multivariate analysis is utilized. In 
this manner, the concentration of glucose alone in the 
aqueous humor can be detenmlned, 
[0044] For each patient, the correlation between the 
concentrations of glucose in the aqueous humor, which 
have thus been obtained non-lnvaslvely, and the con- 
centrations of glucose in the blood, which have been ob- 
tained invaslvely in accordance with the conventional 
procedure. Is prepared as, for example, a conversion 
table. After the con-elation is prepared, the concentra- 
tion of glucose in the blood need not be measured, and 
only the concentration of glucose in the aqueous humor 
may be measured non-invaslvely. Therefore, measure- 
ments can be made at a high repeatability without giving 
the patient pain. 

[0045] With the third glucose concentration measur- 
ing method and the third glucose concentration meas- 
uring apparatus in accordance with the present inven- 
tion, as illustrated in Figure 8, the intensity of th'e first 
backward scattered tight beam and the Intensity of the 
second backward scattered light beam can be meas- 
ured respectively such that they may be separated tem- 
porally. The amounts of the first backward scattered light 
beam and the second backward scattered light beam, I. 
e. Ir2 of Formula (1) shown above and 1^3 of Formula 
(3) shown above, can be calculated by Integrating the 
corresponding wave fonms shown in Figure 8 with re- 
spect to time. 

[0046] Therefore, the optical absorbance 02 0^ 
aqueous humor with respect to the Incident light beam 
along one way of the bptrcal path can be calculated with 
Fomnuta (3) shown above. 

[0047] Also , as In the aforesaid glucose concentration 
measuring methods and apparatuses In accordance 
with the present Invention, the operation described 
above is candied out repeatedly for a plurality of the In- 
cident light beams having different wavelengths, end 
known near-Infrared spectroscopy Including a multivar- 
iate analysis Is utilized. In this manner, the concentration 
of glucose alone in the aqueous humor can be deter- 
mined. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 

Figure 1 Is a block diagram showing a fundamental 
constitution of an apparatus for carrying out the first 
glucose concentration measuring method in ac- 
cordance with the present invention. 
Figure 2 is an explanatory view showing relation- 
ship between an incident light beam impinging upon 
the eyeball and backward scattered light beams, 
Figure 3 is a schematic view showing an embodi- 
ment of the apparatus for carrying out the first glu- 
cose concentration measuring method in accord- 
ance with the present invention, 
Figure 4A is a schematic view showing a different 
example of a light source device, which may be em- 
ployed in the embodiment of Figure 3, 
Rgure 4B is a schematic view showing a different 
example of a light source device, which may be em- 
ployed In an embodiment of Figure 5, 
Figure 5 is a schematic view showing an embodi- 
ment of an apparatus for canying out the second 
glucose concentration measuring method In ac- 
cordance with the present invention, 
Figure 6 is a graph showing a frequency sweeping 
pattern, 

Figure 7 Is a schematic view showing an embodi- 
ment of an apparatus for carrying out the third glu- 
cose concentration measuring method in accord- 
ance with the present invention, and 
Figure 8 is a graph showing intensities of light 
beams detected with a photodetector capable of ef- 
fecting time resolution. 

DESCRIPTION OF THE PREFERRED 
EiVlBODiMENTS • 

[0049] The present Invention will hereinbetow be de- 
scribed in further detail with reference to the accompa- 
nying drawings. 

[0050] Figure 1 shows a fundamental constitution of 
an apparatus for carrying out the first glucose concen- 
tration measuring method in accordance with the 
present invention. 

[0051] With reference to Figure 1, the glucose con- 
centration measuring apparatus comprises a light 
source device 1 0 for radiating out low coherence light 
beams, whteh are of a plurality of different wavelength 
bands and have a coherence length on the order of sev- 
eral tens of microns. The glucose concentration meas- 
uring apparatus also comprises an optical heterodyne 
measurement means 20 for irradiating the low coher- 
ence light beam, which has been radiated out of the light 
source device 1 0, to the eyeball 1 00, and measuring the 
intensity of a first backward scattered light beam of the 
incident light beam, the first backward scattered light 
beam coming from the interface between the cornea 1 1 0 



and the anterior aqueous chamber 120 of the eyeball 
100, and the Intensity of a second backward scattered 
light beam of the incident light beam, the second back- 
ward scattered light beam coming from the interface be- 
5 tween the anterior aqueous chamber 120 and the crys- 
talline lens 130 of the eyeball 100, with an opttoal het- 
erodyne backward scattering measurement technique. 
The glucose concentration measuring apparatus further 
comprises a light absorption characteristics analyzing 
^0 means 30 for obtaining an optical absorbance of con- 
stituents of the aqueous humor, which fills the.anterior 
aqueous chamber 1 20, with respect to the incident light 
beam, which has a certain wavelength, in accordance 
with the intensity of the first backward scattered light 
^5 beam and the intensity of the second backward scat- 
tered light beam. The glucose concentration'measuring 
apparatus still further comprises a glucose concentra- 
tion cateulating means 40 for calculating a concentration 
of glucose in the constituents of the aqueous humor 
from a plurality of optical absorisances, which have been 
obtained respectively for the light beams of different 
wavelengths having been radiated out of the light source 
device 10, by utilizing known near-Infrared spectrosco- 
py including multivariate analysis. 
[0052] Figure 3 shows an embodiment of the appara- 
tus of Figure 1 for canying out the first glucose concen- 
tration measuring method in accordance with the 
present Invention. 

[0053] As the light source device 10 shown in Figure 
1 , the glupose concentration measuring apparatus of 
Figure 3 comprises a plurality of light sources, i.e. an 
SLD 11a for radiating out a low coherence light beam, 
which Is of a broad wavelength band and has a center 
wavelength of X1, an SLD 11b for radiating out a low 
coherence light beam, which Is of a broad wavelength 
band and has a center wavelength of X2, an SLD 1 1x 
for radiating out a low coherence light beam, which Is of 
a broad wavelength band and has a center wavelength 
of A,n. Also, In the glucose concentration measuring ap- 
paratus of Figure 3, the optical heterodyne measure- 
ment means 20 shown in Figure 1 comprises four beam 
splitters 21 a, 21b, 21c, and 21 d for splitting each of the 
low coherence light beams, which has been radiated out 
of the light source device 1 0, into a signal light beam 
and a reference light beam, each of which travels along 
one of two different optical paths, and matching the 
wave fronts of the two light beams with each other. The 
optical heterodyne measurement means 20 also com- 
prises acousto-optic modulators 25a and 25b for re- 
spectively modulating the signal tight beam and the ref- 
erence light beam such that a slight difference in fre- 
quency Af may occur between the two light beams, and 
a reflection mirror 27, which can move along the optical 
axis direction and adjusts the length of the optical path, 
along which the reference light beam travels. The optical 
heterodyne measurement means 20 further comprises 
a photodetector 28 for detecting an Intensity of an inter- 
ference light beam, which is obtained from the matching 
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of the wave front of a backward scattered light beam of 
the signal tight beam having been guided to the eyeball 
100 and the wave front of the reference, light beam with 
each other. The optical heterodyne measurement 
means 20 still further comprises a heterodyne operation 5 
means 29 for calculating an intensity of the baclcward 
scattered light beam from the intensity of the Interfer- 
ence light beam by utilizing the optical heterodyne back- 
ward scattering measurement technique. 

[0054] The SLDs 11a, 11b 11 x successively radi- io 

ate out the low coherence light beams. As for the mod- 
ulation, both of the signal light beam and the reference 
light beam need not necessarily be modulated as In this 
embodiment. It is sufficient for at least either one of the 
signal light beam and the reference light beam to be is 
modulated such that a slight difference In frequency may 
occur between the two light beams. 
[0055] How this embodiment of the glucose concen- 
tration measuring apparatus in accordance with the 
present Invention operates wilt be described hereinbe- 
low. 

[0056] Firstly, the SLD 1 1 a radiates out the low coher- 
ence light beam, which has a center wavelength of X^ . 
At this time, the other light sources do not radiate out 
the light beams: The low coherence light beam having 
been radiated out of the SLD 1 1 a is split by the first beam 
splitter 21a. which is located in the optical path, into the 
signal light beam and the reference light beam. The sig- 
nal light beam and the reference light beam are respec- 
tively modulated by the acousto-optic modulators 25a so 
and 25b. whk:h are located In the optical paths of the 
two light beams, and the slight difference in frequency 
Af is thereby caused to occur between ttie two light 
beams. 

[0057] Of the two modulated light beams, the signal 3s 
light beam passes through the beam splitter 21b and 
impinges upon the eyeball 100. 
[0058] The signal light beam impinging upon the eye- 
ball 1 GO is classified into four light beams described in > 
® ,(D.(D .and® below. 40 

Q The tight beam reflected from the Interface be- 
tween air and the cornea 110. 
(D The light beam reflected from the interface be- 
tween the comea 110 and the anterior aqueous 
chamber 120. 

© The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
crystalline lens 130. 

® The light beam passing through the crystalline so 
lens 130. 

[0059] Of these light beams, the light beams de- 
scribed in® , (D , and® emanate as backward scat- 
tered light beams from the eyeball 100 reversely from S5 
the direction of travel of the incident signal light beam. 
[0060] Each of the backward scattered light beams ; 
emanating from ttie eyeball 1 00 is reflected by the beam 



splitter 21 b and passes through the beam splitter 21 d. 
[0061] The reference light beam having been modu- 
lated is reflected by the beam splitter 21c and Impinges 
upon the min-or 27. The reference light beam is then re- 
flected from the mirror 27 and again impinges upon the 
beam splitter 21c. The reference light beam passes - 
through the beam splitter 2ic and Is reflected by the 
beam splitter 21 d. 

[0062] Atthistime,thelength of the optical bath, along 
which the reference light beam travels before arriving at 
the beam. splitter 21 d, can be changed by moving the 
min-or 27 in its optical axis direction (along one of the 
directions indicated by the double headed arrow X). 
[0063] The reference light beam, the signal light beam 
impinging upon the eyeball 1 00, and the backward scat- 
tered light beams emanating from the eyeball 100 are 
the low coherence light beams having a short coherence 
length. Therefore, of the three backward scattered light 
beams described above, only the backward scattered 
light beam, which satisfies the condition, such that the 
sum of the distance of passage as the signal light beam 
and the distance of passage as the backward scattered 
light beam to the arrival at the beam splitter 21 d may be 
approximately equal to the distance of passage of the 
reference light beam to the arrival at the beam splitter 
21 d, Interferes with the reference light beam. As a result, 
a beat signal occurs, the intensity of which repeatedly 
becomes high and low at a frequency equal to the dif- 
ference in frequency (Af) between the backward scat- 
tered light beam and the reference light beam interfering 
with each other. 

[0064] Specifically, the Interference occurs when the 
conditions described below are satisfied. 

(1 ) When the backward scattered light beam described 
in® and the reference light beam Interfere with each 
other. 

[0065] The sum of the distance between the beam 
splitter 21 a and the beam splitter 21 b, two times the dis- 
tance between the beam splitter 21 b and the air/comea 
interface, and the distance between the beam splitter 
21b and the beam splitter 2:1 d is approximately equal to 
the sum of the distance between the beam splitter 21 a 
and the beam splitter 21c. two times the distance be- 
tween the beam splitter 21c and the mirror 27, and the 
distance between the beam splitter 21c and the beam 
splitter 21d. 

(2) When the backward scattered light beam described 
in (g) and the reference light beam Interfere with each 
other 

[0066] The sum of the distance between the bean) 
splitter 21 a and the beam splitter 21 b, two times the dis- 
tance between the beam splitter 21b and the cornea/ 
anterior aqueous chamber interface, and the distance 
between the beam splitter 21 b and the beam splitter 21 d 
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is approximately equal to the sum of the distance be- 
tween the beam splitter 21 a and the beam splitter 21c, 
two times the distance between the beam splitter 21c 
and the min-or 27, and the distance between the beam 
splitter 21 c and the beam splitter 21 d. s 

(3) When the backward scattered light beam described 
In® and the reference light beam interfere with each 
other: 

[0067] The sum of the distance between the beam 
splitter 21 a and the beam splitter 21 b, two times the dls> 
tance between the beam splitter 21b and the anterior 
aqueous chamber/crystalline lens Interface, and the dis- 
tance between the beam splitter 21 b and the beam split- 
ter 21 d is approximately equal to the sum of the distance 
between the beam splitter 21a and the beam splitter 
21c, two times the distance between the beam splitter 
21c and the min-or 27, and the distance between the 
beam splitter 21c and the beam splitter 21 d. 
[0068] Therefore, the min^or 27, which is firstly located 
at a position close to the beam splitter 21c, is moved 
little by little in the direction heading away from the beam 
splitter 21c and to a position, at which the beat signal 
due to the interference of the backward scattered light 
beam of the signal light beam, the backward scattered 
light beam coming from the interface between air and 
the cornea 110, and the reference light beam with each 
other Is detected with the photodetector 28. 
[0069] When the mirror 27 is further moved in the di- 
rection heading away f roni the beam splitter 21 c, the oc- 
currence of the beat signal ceases. When the min'or 27 
is moved even further, a beat signal Is again detected 
by the photodetector 28. The second beat signal is 
caused to occur by the interference of the backward 
scattered light beam (hereinbelow referred to as the first 
backward scattered light beam) of the signal light beam, 
the first backward scattered light beam coming from the 
interface between the cornea 1 1 0 and the anterior aque- 
ous chamber 120, and the reference light beam with 
each other. The second beat signal occurs when the mir- 
ror 27 has been moved by a length equal to the thick- 
ness of the cornea 110 from the position, at which the 
first beat signal was detected. 
[0070] The beat signal occurring due to the Interfer- 
ence of the first backward scattered light beam and the 
reference light beam with each other is taken as a first 
interference light beam, and Its Intensity Bpg is detected 
by the photodetector 28. 

[0071] When the mirror 27 is further moved In the di- 
rection heading away from the beam splitter 21c, the oc- 
currence of the beat signal ceases. When the min-or 27 
Is moved even further, a third beat signal is detected by 
the photodetector 28. The third beat signal is caused to 
occur by the interference of the backward scattered light 
beam (hereinbelow referred to as the second backward 
scattered light beam) of the signal light beam, the sec- 
ond backward scattered light beam coming from the In- 



terface between the anterior aqueous chamber 1 20 arid 
the crystalline lens 130, and the reference light beam 
with each other. The third beat signal occurs when the 
min-or 27 has been moved by a length equal to the thick- 
ness of the anterior aqueous chamber 120 from the po- 
sition, at which the second beat signal was deteicted. 
[0072] The beat signal occunlng due to the Interfer- 
ence of the second backward scattered light beam and 
the reference light beam with each other is taken as a 
second Interference light beam, and its intensity Bp3 is 
detected by the photodetector 28. 
[0073] The Intensities and 8^3 of the two beat sig- 
nals having been obtained in the manner described 
above are converted Into electric signals, and the elec- 
tric signals are fed into the heterodyne operation means 
29. The heterodyne operation means 29 calculates the 
Intensity 1^2 of the first backward scattered light beam 
and the intensity 1^,3 of the second backward scattered 
light beam from the received electric signals. 
[0074] Specifically, the intensity Br2 of , the first inter- 
ference light beanri is the square root of the product of 
the intensity l^g of the first backward scattered light 
beam and the Intensity of the reference light beam. Also, 
the Intensity 8^3 of the second interference light beam 
Is the square root of the product of the intensity of 
the second backward scattered light beam and the In- 
tensity of the reference light beam. As the Intensity of 
the reference light beam, a value having been measured 
previously may be employed. As a result, the intensity 
If^ of the first backward scattered light beam and the 
intensity \^ of the second backward scattered light 
beam can be calculated. 

[0075] How the light absorption characteristics ana- 
lyzing means 30 operates will be described hereinbelow 
with reference to Figure 2. 

[0076] As illustrated in Figure 2, the intensity of the 
signal light beam serving as the incident light beam im- 
pinging upon the eyeball 100 Is represented by Iq. The 
reflectivity of the Interface between air and the cornea 
1 1 0 is represented by , the reflectivity of the interface 
between the cornea 110 and the anterior aqueous 
chamber 120 is represented by R2. and the reflecth/ity 
of the interface between the anterior aqueous chamber 
120 and the crystalline lens 130 Is represented by R3. 
Also, the optteal absori^ance of the cornea 110 with re- 
spect to the incident light beam along one way of the 
optical path is represented by a^, and the optical ab- 
sori^ance of the anterior aqueous chamber (the aque- 
ous humor) 120 with respect to the incident light beam 
along one way of the optical path Is represented by 02- 
In such cases, the intensity tp2 of the first backward scat- 
tered tight beam and the intensity if^g of the second 
backward scattered light beam may be represented by 
Fonnulas (1) and (2) shown below. 

lR2=lo(1-Ri)^R2(1-ai)^ . 0) 
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lR3=lo(1-Ri)^1-R/R3(1-ai)^1-a2)^ (2) 

[0077] As will be understood from Figure 2 and For- 
mula (2), the intensity of the second backward scat- 
tered tight beam depends upon both of the optical ab- 
sorbance 02 of the aqueous humor 120 and the optical 
absorbance ai of the cornea 110. 
[0078] The light absorption characteristics analyzing 
means 30 calculates the ratio (iRa/lpg) intensity 
Ip3 of the second baclcward scattered light beam to the 
intensity 1^2 of the first backward scattered light beam. 
The calculation is made with Fomnula (3) shown below. 

lR3/lR2=(R3/R2)(1-R2)^1-a2)^ (3) 

[0079] The values of Ip3 and Ip2 have been calculated 
accurately by the heterodyne operation means 29, and 
R3 and Rg are already known. Therefore, the optical ab- 
sorbance 02 of the aqueous humor 120 alone can be 
calculated from them. 

[0080] Besides glucose, the aqueous humor 1 20 con- 
tains a plurality of other constituents, such as NaCI. 
Therefore, the concentration of glucose in the aqueous 
humor 120 cannot be detemriined only from the optical 
absorbance 02 of the aqueous humor 120, which has 
been obtained with the incident light beam having the 
wavelength \^ ..[The optteal absorbance 02 of the aque- 
ous humor 120, which has been obtained with the inci- 
dent light beam having the wavelength XI , will herein- 
below be represented by ct2(1).] 
[0081] Therefore, secondly, the second SLD 11b ra- 
diates out the low coherence light beam, which has a 
center wavelength of A2. At this time, the other SLDs, 
including the first SLD 11a, do not radiate out the light 
beams. 

[0082] As in the low coherence light beam having the 
wavelength of X^ described above, the low coherence 
light beam having a center wavelength of X2, which has 
been radiated out of the SLD 11b, is split by the first 
beam splitter 21 a, which is located in the optical path, 
into the signal light beam and the reference light beam. 
The signal light beam impinges upon the eyeball 100, 
and the reference light beam is reflected by the mln-or 
27. Interference light beams are thereby obtained at the 
beam splitter 21 d. By the same effects of the photode- 
tector 28, the heterodyne operation means 29, and the 
light absorption characteristics analyzing means 30 as 
those described above, an optical absorbance 02(2) of 
the aqueous humor 120 with respect to the second in- 
cident light beam having the center wavelength of A2 is 
obtained. 

[0083] The same operation as that described above 
is repeated with respect to the SLD 11c. ...,SLD 11x. In 

this manner, the optical absorbances 02(1 ), 02(2) ot2 

(n) of the aqueous humor 120 with respect to a plurality 



of the incident light beams having the wavelengths of 
X\ , X2, .... Xn can be obtained. 
[0084] The Infomnation representing the optical ab- 
sorbances 02(1 ), 02(2), a2(n], which have thus been 
5 obtained with respect to the incident light beams having 
different wavelengths, is fed Into the glucose concentra- 
tion calculating means 40. The glucose concentration 
calculating means 40 determines the concentration of 
glucose in the aqueous humor 120, which contains a 
plurality of constituents, from the plurality of the optical 
absorbances by utilizing the known near-infrared spec- 
troscopy Including the multivariate analysis. 
[0085] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus in accordance 
with the present invention, the concentration of glucose 
in the aqueous humor can be measured non-invasively 
and accurately. 

[0086] For each patient, the correlation between the 
concentrations of glucose In the aqueous humor, whteh 
have thus been obtained with the glucose concentration 
measuring apparatus In accordance with the present in- 
vention, and the concentrations of glucose in the blood, 
which have been obtained invasivety in accordance with 
the conventional procedure, is prepared as, for exam- 
ple, a conversion table. The infomiation representing 
the conversion table is stored In a memory 52 of an 
aqueous humor glucose concentration-to-blood glu- 
cose concentration converting means 50. When infor- 
mation representing the concentration of glucose in the 
aqueous humor of a certain patient is fed from the glu- 
cose concentration measuring apparatus described 
above into the aqueous humor glucose concentration- 
to-blood glucose concentration converting means 60, a 
converting operation means 51 of the aqueous humor 
glucose concentration-to-blood glucose concentration 
converting means 50 refers to the conversion table, 
which is stored in the memory 52, and feeds out the in- 
formation representing the concentration of glucose In 
the blood, which corresponds to the concentration of 
glucose in the aqueous humor of the patient. In such 
cases, after the conversion table is prepared, the con- 
centration of glucose In the aqueous humor is measured 
non-invasively with the glucose concentration measur- 
ing apparatus described above, and the corresponding 
concentration of glucose In the blood can be calculated 
from the measured concentration of glucose in the 
aqueous humor and the conversion table. Accordingly, 
the concentration of glucose in the blood can be deter- 
. mined non-lhvasively. 

[0087] In the embodiments, which will be described 
later, the aqueous humor glucose concentration-to- 
blood glucose concentration converting means 50 may 
be provided, and the same effects as those described 
above can thereby be obtained. 
[0088] In the aforesaid embodiment of the glucose 
concentration measuring apparatus in accordance with 
the present invention, the light source device 10 com- 
prising a plurality of the light sources 11a, lib 11x. 
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which radiate out the light beams of different wavelength 
bands, is employed. However, the first glucose concen- 
tration measuring method and apparatus in accordance 
with the present invention are not limited to the use of a 
plurality of light sources. For example, as illustrated in 
Figure 4A, the light source device 1 0 may be constituted 
of a single light source 11 for radiating out low coherence 
light, which is of a wide emission wavelength band con- 
taining all of the wavelength bands of the aforesaid tow 
coherence light beams, and a wavelength selecting 
means 1 2 for selecting each of the aforesaid low coher- 
ence light beams (which is of a predetemiined wave- 
length band) from the low coherence light, which is of 
the wide emission wavelength band and has been radi- 
ated out of the light source 11 . 
[0089] The aforesaid embodiment is designed for 
non-invasively determining the concentration of glucose 
in the blood by utilizing the non-invasively measured 
concentration of glucose in the aqueous humor. The 
aforesaid embodiment also serves as an embodiment 
of the fourth glucose concentration measuring method 
and apparatus in accordance with the present invention. 
[0090] Figure 5 shows an embodiment of an appara- 
tus for carrying out the second glucose concentration 
measuring method in accordance with the present in- 
vention. 

[0091] The constitution of the glucose concentration 
measuring apparatus shown in Figure 5 is basically sim- 
ilar to the constitution of Figure 1, In the glucose con- 
centration measuring apparatus shown in Figure 5, a 
light source device 10* is employed in lieu of the light 
source device 10 shown In Figure 1. The light source 
device 1 0' comprises a light source 1 1 a" for radiating out 
a laser beam having a wavelength A.1 , a light source 11b' 
for radiating out a laser beam having a wavelength 

>^ a light source 11x' for radiating out a laser beam 

having a wavelength Xr\, and a frequency sweep means 
1 3, which receives each of the laser beams and tempo- 
rally sweeps the frequency of the laser beam In a saw- 
tooth-lil^e form with a predetermined band as Illustrated 
in Figure 6. In this embodiment, the laser beams are em- 
ployed as coherent light beams. However, in the second 
glucose concentration measuring method and appara- 
tus in accordance with the present invention, any of oth- 
er kinds of coherent light beams may be employed. 
[0092] Also, in the glucose concentration measuring 
apparatus of Figure 5, the optica! heterodyne measure- 
ment means 20 shown In Figure 1 comprises a beam 
splitter 23, a reflection plate 26 serving as an optical path 
splitting means and a wavefront matching means, a 
photodetector 28, and a heterodyne operation means 
29' for calculating the intensity of a backward scattered 
light beam from the Intensity of an interference light 
beam. 

[0093] The laser beam, which has been radiated out 
of the light source device 1 0' and the frequency of which 
has been swept by the frequency sweep means 13, 
passes through the beahi splitter 23 and impinges upon 



the eyeball 1 00. The reflection plate 26 matches a wave 
front of a backward scattered light beam of the laser 
beam having been In-adiated to the eyeball 100, the 
backward scattered light beam coming from each ref lec- 

5 tion surface, and a wave front of a laser beam (a refer- 
ence light beam) radiated out of the light source device 
1 0' with a time lag behind the aforesaid laser beam hav- 
ing been in-adiated to the eyeball 100, the laser beam 
(the reference light beam) having a slight difference in 

10 frequency with respect to the backward scattered light 
beam and having been reflected from a reflection sur- 
face 26a of the reflection plate 26, with each other. An 
interference light beam is caused to occur by the wave- 
front matching. 

IS [0094] The photodetector 28 detects the Intensity of 
the interference light beam, which has been caused to 
occur by the matching of the wave front of the backward 
scattered light beam and the wave front of the laser 
beam (the reference light beam) radiated out of the light 

20 source device 10' with a time lag behind.the aforesaid 
laser beam having been irradiated to the eyeball 100, 
the laser beam (the reference light beam) aniving at the 
reflection plate 26 at the same time as the backward 
scattered light beam and reflected. 

2S [0095] The heterodyne operation means 29' calcu- 
lates the intensity of the backward scattered light beam 
from the Intensity of the interference light beam, whteh 
intensity has been detected by the photodetector 28, by 
utilizing the optical heterodyne backward scattering 

30 measurement technique. 

[0096] Though not shown in Figure 5, this embodi- 
ment of the glucose concentration measuring apparatus 
is also provided with the light absorption characteristics 
analyzing means 30 and the glucose concentration cal- 

35 culating means 40, which are shown in Figures 1 and 3. 
The effects of the light absorption characteristics ana- 
lyzing means 30 and the glucose concentration calcu- 
lating means 40 are the same as those described above 
; With reference to Figure 1 or Figure 3. 

40 [0097] How this embodiment of the glucose concen- 
tration measuring apparatus operates will be described 
hereinbelow. 

[0098] Firstly, the laser beam having a wavelength XI 
is produced by the light source 11a'. The frequency of 
the laser beam is swept by the frequency sweep means 
13 of the light source device 10', and the laser beam is 
radiated out of the light source device 1 0'. As illustrated 
in Figure 6, the frequency of the laser beam, which is 
radiated out of the light source device 1 0- at the time to, 

so is represented by fo- 

[0099] The tight beam (the laser beam) having the fre- 
quency fQ, which has been radiated out of the light 
source device 10'. passes through the beam splitter 23, 
which is located In the optical path, and impinges upon 

55 the reflection plate 26. The reflection surface 26a of the 
reflection plate 26 is fonmed as a semi-transparent mir- 
ror. Therefore, the reflection surface 26a reflects a por- 
tion of the incident light beam and allows the remainder 
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of the Incident light beam to pass therethrough. The re- 
flected light beam serves as the reference light beam, 
and the light beam having passed through the reflection 
surface 26a serves as the signal light beam. 
[0100] TTierefore, a portion of the light beam having s 
the frequency fo is reflected from the reflection surface 
26a, and the remainder of the light beam passes through 
the reflection surface 26a. 

[0101] The light beam having the frequency fo, which 
has passed through the reflection surface 26a, impinges 
upon the eyeball 100. The light beam Impinging upon 
the eyeball 100 is classified into four light beanrts de- 
scribed inO .(D ,® , and®, below. 

® The light beam reflected from the interface be- 
tween air and the cornea 110. 
(D The light beam reflected from the interface be- 
tween the comea 110 and the anterior aqueous 
chamber 120. 

® The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
crystalline lens 130. 

® The light beam passing through the crystalline 
lens 130. 

[0102] Of these light beams, the light beams de- 
scribed In® , @ , and® emanate as backward scat- 
tered light beams from the eyeball 1 00 reversely from 
the direction of travel of the incident light beam and ar- 
rive at the reflection plate 26. 
[01 03] The length of the optical path of the signal light 
beam having the frequency fo, which has passed 
through the reflection surface 26a of the reflection ptate 
26, the signal light beam impinging upon the eyeball 1 00 
and again arriving at the reflection surface 26a as the 
backward scattered light beam, can be classified into 
those described below. 

(1) As for the backward scattered light beam de- 
scribed in® above: Two times the distance from 
the reflection surface 26a of the reflection plate 26 
to the interface between air and the cornea 110. 

(2) As for the backward scattered light beam de- 
scribed In (D above: Two times the sum of the dis- 
tance from the reflection surface 26a of the reflec- 
tion plate 26 to the interface between air and the 
cornea 11 0 and the distance from the interface be- 
tween air and the comea 110 to the interface be- 
tween the comea 110 and the anterior aqueous 
chamber 120. 

(3) As for the backward scattered light beam de- 
scribed In ® above: Two times the sum of the dis- 
tance from the reflection surface 26a of the reflec- 
tion plate 26 to the interface between air and the 
cornea 110, the distance from the interface between 
air and the cornea 1 1 0 to the interface between the 
comea 110 and the anterior aqueous chamber 120, 
and the distance from the interface between the cor- 



nea 110 and the anterior aqueous chamber 120 to 
the interface between the anterior aqueous cham- 
ber 1 20 and the crystalline lens 1 30. 

[0104] Therefore, the lengths of the optical paths of 
the backward scattered light beams (including the 
length of the optical path to the Impingement upon the 
eyeball 1 00) are different from one another. As a result, 
the backward scattered light beams amve at the reflec- 
tion surface 26a of the reflection plate 26 with a differ- 
ence in time corresponding to the difference in optical 
path length. 

[0105] The laser beam, the frequency of which is 
swept temporarily, is successively radiated out of the 
light source device 10' and successively arrives at the 
reflection plate 26. . 

[0106] As a result, at the reflection surface 26a of the 
reflection plate 26, for example, the backward scattered 
light beam described in® above (having the frequency 
fo) meets with the light beam having a frequency f^, 
which has been radiated out of the light source device 
10' at the timet.) (as illustrated in Figure 6), and the wave 
fronts of the two light beams are matched with each oth- 
er. Therefore, a beat signal of the Interference light 
beam, whk;h is caused to occur by the wavef ront match- 
ing, is obtained such that the Intensity of the beat signal 
may repeatedly becomes high and low at a frequency 
equal to the difference (fffo) between the frequencies 
of the two light beanns subjected to the wavefront match- 
ing. 

[01 07] Also, at the reflection surface 26a of the reflec- 
tion plate 26. the backward scattered light beam de- 
scribed in® above (having the frequency fo) meets with 
the light beam having a frequency f2, which has been 
radiated out of the light source devrce 1 0' at the time tg. 
and the wave fronts of the two tight beams are matched 
with each other. Therefore, the frequency of a beat sig- 
nal of the interference light beam, which Is caused to 
occur by the wavefront matching, is equal to the differ- 
ence (f2-fo) between the frequencies of the two light 
beams subjected to the wavefront matching. 
[01 08] Further, at the reflection surface 26a of the re- 
flection plate 26, the backward scattered light beam de- 
scribed in® above (having the frequency fo) meets with 
the light beam having a frequency fs, which has been 
radiated out of the light source device 1 0' at the time tg, 
and the wave fronts of the two light beams are matched 
with each other. Therefore, the frequency of a beat sig- 
nal of the interference light beam, which is caused to 
occur by the wavefront matching. Is equal to the differ- 
ence (f3-fo) between the frequencies of the two light 
beams subjected to the wavefront matching. 
[0109] From the light source device 10', the laser 
beam, the frequency of which changes with the passage 
of time, is successively radiated out. However, since the 
differences among the aforesaid optical path lengths are 
Invariable, the frequencies of the beat signals caused to 
occur by the interference with the respective backward 
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scattered light beams are kept constant. 
[0110] The light beam, which is obtained from the in- 
terference of each backward scattered light beam at the 
reflection surface 26a of the reflection plate 26. is re- 
flected from the beam splitter 23 and impinges upon the 
photodetector 28. 

[0111] The photodetector 28 detects the intensity of 
the light beam composed of the three beat signals, the 
intensities of which repeatedly become high and low at 
different frequencies. The photodetector 28 converts 
the intensity into an electric signal. The electric signal is 
fed into the heterodyne operation means 29'. 
[0112] The heterodyne operation means 29' sepa- 
rates the beat signals obtained with the respective back- 
ward scattered light beams from one another in accord- 
ance with the received electric signal and calculates the 
intensity of each backward scattered light beam from 
each of the beat signals separated from one another. 
[0113] As for the separation of the beat signals ob- 
tained with the respective backward scattered light 
beams from one another, if the thicknesses of the cor- 
nea 110 and the anterior aqueous' chamber 120 along 
the optical axis direction are known, the differences in 
frequency among the beat signals obtained with the re- 
spective backward scattered light beams can be calcu- 
lated easily from the difference in light passage time ac- 
cording to the thicknesses and the frequency sweep 
speed. Even if the thk:knesse$ of the cornea 110 and 
the anterior aqueous chamber 1 20 along the optical axis 
direction are not known, a known frequency analysis 
may be made with respect to the combined beat signal, 
and the frequencies of the beat signals obtained with 
the respective backward scattered light beams can be 
calculated easily. 

[01 1 4] The information representing the intensities of 
the respective backward scattered light beams, the in- 
tensities having been calculated by the heterodyne op- 
eration means 29' in the manner described above, is fed 
into the light absorption characteristics analyzing hneans 
30. 

[0115] The same operation as that described above 
is repeated with respect to the light sources 11b', 
11x'. In this manner, the optical absorbances 02(1), 0.2 
(2), a2(n) of the aqueous humor 120 with respect to 
a plurality of the incident light beams having different 
wavelengths can be obtained. The information repre- 
senting the optical absorbances 02(1), 02(2), .... 02(n), 
which have thus been obtained with respect to the Inci- 
dent light beams having different wavelengths, is fed In- 
to the glucose concentration calculating means 40. The 
glucose concentration calculating means 40 determines 
the concentration of glucose in the aqueous humor 120, 
which contains a plurality of constituents, from the plu- 
rality of the optical absorbances by utilizing the known 
near-Infrared spectroscopy including the multivariate 
analysis. 

[01 16] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus In accordance 



with the present invention, the concentration of glucose 
in the aqueous humor can be measured non-lnvasively 
and accurately. 

[0117] in this embodiment of Figure 5, the light source 

5 device 10* comprising a plurality of the light sources 

11a', 11b' 11x', whteh radiate out the cohererit light 

beams, is employed. However, the second glucose con- 
centration measuring method and apparatus In accord- 
ance with the preserit invention are not limited to the use 

10 of a plurality of light sources. For example, as Illustrated 
in Figure 4B. the light source device 10* may be consti- 
tuted of a single light source 11* capable of selectively 
radiating out each of a plurality of coherent light beams, 
and a control rneans 14 for controlling the light source 

15 1 r such that the light source 1 1 ' may selectively radiate 
out one of the plurality of the coherent light beams. 
[01 1 8] Figure 7 shows an embodiment of an appara- 
tus for carrying out the third glucose concentration 
measuring method in accordance with the present In- 

20 ventlon. • 

[0119] With reference to Figure 7, the glucose con- 
centration measuring apparatus comprises a light 
source device 10" for radiating out a plurality of ul- 
trashort pulsed light beams, which have different wave- 
rs lengths. The light source device 1 0" Is provided with a 
Ti:sapphire laser beam source (hereinbelow refenred to 
simply as the light source) 11a" for radiating out an ul- 
trashort pulsed tight beam having a wavelength XI, a 
light source lib" for radiating out an ultrashort pulsed 

30 light beam having a wavelength X2 a light source 

11x"for radiating out an ultrashort pulsed light beam 
having a wavelength Xn. The glucose concentration 
measuring apparatus also comprises an optical time- 
domain backward scattering measurement means 60 

35 for irradiating the ultrashort pulsed light beam to the eye- 
ball 100, and carrying out time series measurement of 
each of an intensity of a first backward scattered light 
beam of the ultrashort pulsed light beam, the first back- 
/ ward scattered light beam coming from an Interface be- 

40 tween the cornea 1 1 0 and the anterior aqueous cham- 
ber 1 20 of the eyeball 1 00, and an intensity of a second 
backward scattered tight beam of the ultrashort pulsed 
light beam, the second backward scattered light beam 
coming from an interface between the anterior aqueous 

45 chamber 1 20 and the crystalline lens 1 30 of the eyeball 
100. The optical time-domain backward scattering 
measurement nnieans 60 contain a photodetector, such 
as a streak camera. The glucose concentratioii meas- 
uring apparatus further comprises a light absorption 

50 characteristics analyzing means 30 for obtaining light 
absorption characteristics of constituents of the aque- 
ous humor, which fills the anterior aqueous chamber 
120, from the intensity of the first backward scattered 
light beam and the intensity of the second backward 

55 scattered light beam. The glucose concentration meas- 
uring apparatus stilt further comprises a glucose con- 
centration calculating means 40 for calculating a con- 
centration of glucose in the constituents of the aqueous 
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humor from the light absorption characteristics, which 
have been obtained with respect to the plurality of the 
ultrashort pulsed light beams having differ^ent wave- 
lengths. 

[0120] The pulsed light beam is emitted for a very 
short time on the order of, for example, femtoseconds 
to picoseconds. 

[0121] The optical time-domain backward scattering 
measurement means 60 comprises a beam splitter 61 
for splitting the ultrashort pulsed light beam, which has 
been radiated out of the light source device 10", into a 
signal light beam irradiated to the eyeball 1 00 and a ref- 
erence light beam to be utilized in timing the detection 
of each backward scattered light beam of the incident 
light beam, the backward scattered light beam emanat- 
ing from the eyeball 1 00. The optical time-domain back- 
ward scattering measurement means 60 also comprises 
mincers 62, 62, 62 for guiding the reference light beam, 
and a photodetector 63 capable of measuring the inten- 
sities of the respective backward scattered light beams 
of the incident light beam, the backward scattered light 
beams emanating from the eyeball 100, such that the 
intensities may be temporally separated from one an- 
other as illustrated in Figure B. The photodetector 63 
may be constituted of a streak camera, or the like. The 
optical time-domain backward scattering measurement 
means 60 further comprises a aqueous humor transmlt- 
tance operation means 64 for calculating the amount of 
each backward scattered light beam by Integrating the 
intensity of each backward scattered light beam, which 
has been temporally separated and detected, with re- 
spect to time. 

[0122] The reference light beam Is utilized for the tim- 
ing of the detection of each backward scattered light 
beam. The reference light beam is also utilized to monr 
itorthe amount of the signal light beam impinging upon 
the eyeball 1 00. The reference light beam is introduced 
Into the photodetector 63. 

[01 23] How this embodiment of Figure 7 operates will 
be described hereinbeiow. 

[0124] Firstly, the light source 1 1 a" radiates out the ul- 
trashort pulsed light beam having the wavelength XI. 
The ultrashort pulsed light beam enters into the optical 
time-domain backward scattering measurement means 
60 and Is split by the beam splitter 61 Into the signal tight 
beam and the reference light beam. 
[0125] Of the spilt light beams, the signal light beam 
impinges upon the eyeball 1 00. As described above with 
reference to the aforesaid embodiments, the signal light 
beam Impinging upon the eyeball 100 is classified Into 
the four light beams. Of the four ciasslfled light beams, 
the light beams described in® ,(D , and® below em- 
anate as the backward scattered light beams from the 
eyeball 100. . 

® The light beam reflected from the interface be- 
tween air and ttie cornea 110. 
® The light beam reflected from the Interface be- 



tween the comea 110 and the anterior aqueous 
chamber 120. 

(D The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
5 crystalline lens 130. 

[0126] The depths of the reflection planes, from which 
the respective backward scattered light beams are re- 
flected, the depths being taken with respect to the direc- 
10 tion of incidence of the signal light beam, are different 
from one anottier. Therefore, the timings, with which the 
respective backward scattered light beams emanate 
from the eyeball 100, are different from one another. 
Specifically, the backward scattered light beam de- 
15 scribed in® , the backward scattered light beam de- 
scribed In (S) , and the backward scattered light beam 
described iri® emanate In this order from the eyeball 
1 00. Also, since the backward scattered light beams are 
the reflected light of the incident signal light beam, they 
are the ultrashort pulsed light beams. The emission pe- 
riod of the ultrashort pulsed light beams is shorter than 
the difference in- time for passage con-esponding to the 
aforesaid difference in depth of reflection plane. There- 
fore, the backward scattered light beams emanate from 
the eyeball 1 00 one after another such that they may be 
separated perfectly. 

[0127] Each of the backward scattered light beams, 
which emanate from the eyeball 1 00 one after another, 
Is reflected from the beam splitter 61 and impinges upon 
the photodetector 63 capable of effecting time resolu- 
tion. 

[0128] Before each backward scattered light beam 
impinges upon the photodetector 63, the reference light 
beam, which has been reflected from the beam splitter 
61 and guided by the min-ors 62, 62. 62, enters into the 
photodetector 63. The reference light beam serves as 
a trigger for the timing of the detection carried out by the 
photodetector 63. The intensity of the reference light 
beam is detected, and the intensities of the backward 
scattered light beams are detected respectively. 
[0129] Figure 8 is a graph showing the intensity of the 
reference light beam and the intensities of backward 
scattered light beams, which are time-resoh/ed and de- 
tected by the photodetector 63 on the time series basis. 
[01 30] The photodetector 63 converts the detected in- 
tensity of each light beam Into an electric signal. The 
electric signal Is fed into the aqueous humor transmit- 
tance operation means 64. 

[0131] The aqueous humor transmittance operation 
means 64 integrates the received electric signal, which 
corresponds to the Intensity of each light beam, with re- 
spect to time and thereby calculates the amount of each 
light beam. The Information representing the thus cal- 
culated amount of each light beam is fed into the light 
absorption characteristics analyzing means 30. In the 
same manner as that in the aforesaid embodiments, the 
light absorption characteristics analyzing means 30 cal- 
culates the optical absorbance of the aqueous humor 
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120 in accordance with the amount of each light beam. 
[0132] The same operation as that described above 

is repeated with respect to the ultrashort pulsed light 
beams having different wavelengths, which are radiated 
out of the light source device 1 0", i.e. by utilizing the plu- 
rality of the light sources 11 a". 1 lb", .... 1 1x", which ra- 
diate out the pulsed light beams having different wave- 
lengths, one after another. In this manner, the optical 
absorbances of the aqueous humor 120 with respect to 
a plurality of the Incident light beams having different 
.wavelengths can be obtained. 
[0133] The information representing the optical ab- 
sorbances, which have thus been obtained with respect 
to the incident light beams having different wavelengths, 
is fed into the glucose concentration calculating means 
40. The glucose concentration calculating means 40 de- 
temiines the concentration of glucose In the aqueous 
humor 120. which contains a plurality of constituents, 
from the plurality of the optical absorbances by utilizing 
the known near-infrared spectroscopy including the 
multivariate analysis. 

[01 34] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus in accordance 
with the present invention, the concentration of glucose 
In the aqueous humor can be measured non-invaslvely 
and accurately. 

[01 35] In this embodiment of Figure 7, the light source 
device 10" comprising a plurality of the light sources 
11a", lib",..., 11x", which radiate out the ultrashort 
pulsed light beams having different wavelengths, Is em- 
ployed. However, the third glucose concentration meas- 
uring method and apparatus in accordance with the 
present Invention are not limited to the use of a plurality 
of light sources. For example, as In the light source de- 
vice 1 0' in the aforesaid embodiment of the second glu- 
cose concentration measuring method and apparatus, 
the light source device 1 0" may be constituted of a sin- 
gle light source capable of selectively radiating out each 
of a plurality of ultrashort pulsed light beams, and a con- 
trol means for controlling the light source such that the 
light source may selectively radiate out one of the plu- 
rality of the ultrashort pulsed light beams. 



Claims 

1. A glucose concentration measuring method, com- 
prising the steps of: 

i) splitting a low coherence light beam, which 
. . has been radiated out of a predetermined light 

source, into a signal light beam and a reference 
light beam, each of which travels along one of 
two different optical paths. 

ii) modulating at least either one of said signal 
• - light beam and said reference light beam such 

that a slight difference In frequency may occur 
between them, 



iii) Irradiating said signal light beam to the eye- 
ball lying at a predetemilned position, 

iv) causing a first baclcward scattered light 
beam of said signal light beam having been ir- 

5 radiated to the eyeball, said first backward scat- 

tered light beam coming from an interfdce be- 
tween the comea and the anterior aqueous 
chamber of the eyeball, and said reference light 
beam to interfere with each other by adjusting 

10 an optical path length of said reference light 

beam, a first interference light beam being 
thereby obtained, 

V) measuring an intensity of said first Interfer- 
ence light beam, 

*5 vi)calculatingan intensity of saidftrstbackward • 

scattered light beam from the intensity of said 
first interference light beam, 
vii) causing a second backward scattered light 
beam of said signal light beam having been ir- 
radiated to the eyeball, said secpnd backward 
scattered light beam coming from an Interface 
between the anterior aqueous chamber and the 
crystalline lens of the eyeball, and said refer- 
ence light beam to interfere with each pther by 

25 adjusting the optical path length of said refer- 

ence light beam, a second Interference light 
beam being thereby obtained, 
vili) measuring an intensity of said second in- 
terference light beam, 

30 ix) calculating an Intensity of said second back- 

ward scattered light beam from the intensity of 
said second interference light beam, 
X) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 

35 the anterior aqueous chamber, from the Inten- 

sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam; 

xi) obtaining light absorption characteristics of 
<o the constituents of the aqueous humor with re- 
spect to each of a plurality of other low coher- 
ence light beams, which are of wavelengtii 
bands different from the wavelength band of 
said low coherence light beam, In the same 

^5 manner, and 

xii) calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, whbh have 
been obtained with respect to the plurality of 

50 said low coherence light beams. 

2. A method as defined in Claim 1 wherein each of said 
low coherence light beams is selected as a portion 
of light, which is of an emission wavelength band 

55 wider than the wavelength band of each low coher- 
ence light beam. 

3. A method as defined In Claim 1 wherein each of said 
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low coherence light beams Is radiated out of one of 
a plurality of different light sources. 

A glucose concentration measuring method, com- 
prising the steps of: s 

t) splitting a coherent light beam, which has 
been radiated out of a predetermined light 
source- and the frequency of which is swept 
temporally in a sawtooth-like form, into a signal io 
light beam and a reference light beam, each of 
which travels along one of two different optical 
paths, 

ii) Irradiating said signal light beam to the eye- 
ball lying at a predetermined position, is 
ill) causing a first backward scattered light 
beam of said signal light beam, said first back* 
ward scattered light beam coming from an in- 
terface between the comea and the anterior 
aqueous chamber of the eyeball, and said ref- 20 
erence light beam to interfere with each other, 
said reference light beam being constituted of 
the coherent light beam, which has been radi- 
ated out of said light source with a difference in 
time in accordance with a difference between 25 
an optical path length of said signal light beam 
and said first backward scattered light beam 
and an optical path length of said reference 
light beam, and which has a difference in fre- 
quency with respect to said first backward scat- so 
tered light beam, a first interference light beam 
being thereby obtained, 

iv) measuring an intensity of said first Interfer- 
ence light beam, 

v) calculating an intensity of said first backward 35 
scattered light beam from the intensity of said 
first Interference light beam, 

vl) causing a second backward scattered light 
beam of said signal light beam, said second 
backward scattered light beam coming from an ^0 
interface between the anterior aqueous cham- 
ber and the crystalline lens of the eyeball, and 
said reference light beam to interfere with each 
other, said reference light beam being consti- 
tuted of the coherent light beam, which has ^5 
been radiated out of said light source with a dif- 
ference in time in accordance with a difference 
between an optical path length of said signal 
light beam and said second backward scat- 
tered light beam and an optical path length of so 
said reference light beam, and which has a dif- 
ference in frequency with respect to said sec- 
ond backward scattered light beam, a second 
interference light beam being thereby obtained, 

vii) measuring an intensity of said second Inter- S5 
ference light beam, 

viii) calculating an intensity of said second 
backward scattered light beam from the inten- 



sity of said second interference light beam, 
Ix) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 
the anterior aqueous chamber, from the inten- 
sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam, 

X) obtaining light absorption characteristics of 
the constituents of the aqueous humor with re- 
spect to each of a plurality of other coherent 
tight beams, which have wavelengths different 
from the wavelength of said coherent light 
beam, in the same manner, and 
xl) calculating a concentration of glucose In the 
constituents of the aqueous humor from the 
light absorption characteristtes, which have 
been obtained with respect to the plurality of 
said coherent light beams. 

5. A method as defined in Claim 4 wherein said coher- 
ent light beams are selectively radiated out of a sin- 
gle light source. 

6. A method as defined in Claim 4 wherein each of said 
coherent light beams is radiated out of one of a plu- 
rality of different light sou rces. 

7. A glucose concentration measuring method, com- 
prising the steps of: 

I) inradiating an ultrashort pulsed light beam, 
which has been radiated out of a predetermined 
light source, to the eyeball, 

II) measuring each of an intensity of a first back- 
ward scattered light beam of said ultrashort 
pulsed jight beam, said first backward scattered 
light beam coming from an interface between 
the comea and the anterior aqueous chamber 
of the eyeball, and an intensity of a second 
backward scattered light beam of said ul- 
trashort pulsed light beam, said second back- 
ward scattered light beam coming from an in- 
terface between the anterior aqueous chamber 
and the crystalline tens of the eyeball, 

ill) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 
the anterior aqueous chamber, from the inten- 
sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam, 

iv) obtaining light absorption characteristics of 
the constituents of the aqueous humor with re- 
spect to each of a plurality of other ultrashort 
pulsed light beams, which have wavelengths 
different from the wavelength of said ultrashort 
pulsed light beam, in the same manner, and 
V] calculating a concentration of glucose In the 
constituents of the aqueous humor from the 
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light absorption characteristics, which have 
been obtained with respect to the plurality of 
said ultrashort pulsed light beanis having differ- 
ent wavelengths. 

5 

8. A method as defined in Claim 7 wherein said ul- 
trashort, pulsed light beams are selectively radiated 
out of a single light source. 

9. A method as defined in Claim 7 wherein each of said io 
ultrashort pulsed light bearhs is radiated out of one 

. of a plurality of different light sources. 

10. A glucose concentration measuring method, com- 
prising the steps of : 15 

with respect to concentrations of glucose In the 
constituents of the aqueous humor, which con- 
centrations have been measured with.a method 
as defined in Claim 1 , Invasivety measuring the 20 
corresponding concentrations of glucose in the 
blood, correlation between the concentrations 
of glucose in the constituents of the aqueous 
humor and the concentrations of glucose In the 
blood being thereby determined previously, ^5 
and 

thereafter non-lnvaslvely detemiining a con- 
centration of glucose in the blood from a con- 
centration of glucose In the constituents of the 
aqueous humor, which concentration is newly 30 
measured with a method as defined In Claim 1 , 
and said correlation. 

11. A glucose concentration measuring method, com- 
prising the steps of: 35 

with respect to concentrations of glucose In the 
constituents of the aqueous humor, which con- 
centrations have been measured with a method / 
as defined in Claim 4Jnvaslvely measuring the 40 
corresponding concentrations of glucose in the 
. blood, correlation between the concentrations 
of glucose in the constituents of the aqueous 
humor and the concentrations of glucose in the 
blood being thereby detemilned previously, ^5 
and 

thereafter non-lnvasively detennining a con- 
centration of glucose In the blood from a con- 
centration of glucose in the cpnstituents of the 
aqueous humor, which concentration is newly so 
. measured with a method as defined In Claim 4, 
and said correlation. 

12. A glucose concentration measuring method, com- 
prising the steps of: 55 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which con- 



centrations have been measured with a method 
as defined in Claim 7, invasively measuring the 
corresponding concentrations of glucose In the 
blood, correlation between the concentrations 
of glucose In the constituents of the aqueous 
humor and the concentrations of glucose In the 
blood being thereby determined previously, 
and 

thereafter non-lnvaslvely detenmihing a con- 
centration of glucose in the blood from a con- 
centration of glucose in the constituents of the 
aqueous humor, which concentration is newly 
measured with a. method as defined in Claim 7, 
and said con^elatlon. 

13. A glucose concentration measuring apparatus, 
comprising: 

I) a light source device for radiating out a plu-. 
rallty of low coherence light bearris, which are 
of different emission wavelength bands,' 
ii) an optical path splitting means for splitting 
each of the low coherence light beams, which 
has been radiated out of said light source de- 
vice, Into a signal light beam Irradiated to the 
eyeball and a reference light beam, each of 
which travels along one of two different optical 
paths, . 

ill) a modulation means, which is located in at 
least either one of the two different optical paths 
and modulates at least either one of said signal 
light beam and said reference light beam such 
that a slight difference in frequency may occur 
between them, 

Iv) an optical path length adjusting means for 
adjusting the length of the optical path, along 
which said reference light beam travels, 
V) a wavefrpnt matching means for 

matching a wave front of a first backward 
scattered light beam of said signal light 
beam having been in^adiated to the eyeball, 
said first backward scattered light beam 
coming from an Interface between the cor- 
nea and the anterior aqueous chamber of 
the eyeball, and a wave front of said refer- 
ence light beam with each other, and 
matching a wave front of a second back- 
ward scattered light beam of said signal 
light beam having been In^adlated to the 
eyeball, said second backward scattered 
light beam coming from an interface be- 
tween the anterior aqueous chamber and 
the crystalline tens of the eyeball, and a 
wave front of said reference light beam with 
each other, 

vl) a photodetectorforphotoelectrically detect- 
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ing an intensity of a first interference tight beanri, 
which Is obtained from the matching of the 
wave front of said first bacicward scattered light 
beanri and the wave front of said reference tight 
beam with each other, and an intensity of a sec- 5 
ond interference light beam, which is obtained 
from the matching of the wave front of said sec- 
ond backward scattered light beam and the 
wave front of said reference light beam with 
each other, io 
vii) a heterodyne operation means for calculat- 
ing an intensity of said first baciovard scattered 
light beam from the intensity of said first inter- 
ference light beam, and calculating an intensity 
of said second backward scattered light beam is 
from the Intensity of said second interference 
light beam, 

vlii) a light absorption characteristics analyzing 
means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 20 
which fills the anterior aqueous chamber, from 
the intensity of said first backward scattered 
light beam and the intensity of said second 
backward scattered light beam, and 
ix) a glucose concentration calculating means 25 
for calculating a concentration of glucose In the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 
said low coherence light beams. 30 

14. An apparatus as defined in Claim 13 wherein said 
light source device comprises a single light source 
for radiating put low coherence light, which is of an 
emission wavelength band wider than the wave- 3S 
length band of each of said low coherence light 
beams, and a wavelength selecting means for se- 
lecting each of said low coherence light beams with 
respect to the wavelength from said low coherence 
light, which is of the wide emission wavelength 40 
band. 

15. An apparatus as defined in Claim 13 wherein said 
light source device comprises a plurality of light 
sources, each of which radiates out one of said low 45 
coherence light beams. 

16. A glucose concentration measuring apparatus, 
comprising: 

50 

1) a light source device for radiating out a plu- 
rality of coherent light beams, which have dif- 
ferent wavelengths and the frequencies of 
which are swept temporally in a sawtooth-like 
form, 55 
ii) an optical path splitting means for splitting 
each of said coherent light beanns. which has 
been radiated out of said light source device 



and the frequency of which is swept, into a sig- 
nal light beam irradiated to the eyeball and a 
reference light beam, each of which travels 
along one of two different optical paths, 
III) a wavef ront matching means for 

matching a wave front of a first backward 
scattered light beam of said signal tight 
beam, said, first backward scattered light 
beam coming from an interface between 
the cornea and the anterior aqueous cham- 
ber of the eyeball, and a wave front of said 
reference light beam with each other, said 
reference light beam being constituted of 
the coherent light beam, which has been 
radiated out of said light source devk:e with 
a difference in time in accordance with a 
difference between an optical path length 
of said signal light beam and said first back- 
ward scattered light beam and an optical 
path length of said reference light beam, 
and which has a difference in frequency 
with respect to said first backward scat- 
tered light beam, and 
matching a wave front of a second back- 
ward scattered light beam of said signal 
light beam, said second backward scat- 
tered light beam coming from an interface 
between the anterior aqueous chamber 

. and the crystalline lens of the eyeball, and 
a wave front of said reference light beam 
with each other, said reference light beam 
being constituted of the coherent light 
beam, which has been radiated out of said 
light source device with a difference in time 
in accordance with a difference between 
an optical path length of said signal tight 
beam and said second backward scattered 
light beam and an optical path length of 
said reference light beam, and which has 
a difference in frequency with respect to 
said second backward scattered light 

. beam, 

iv) a photodetectorforphotoelectrically detect- 
ing an intensity of a first interference light beam, 
which is obtained from the matching of the 
wave front of said first backward scattered light 
beam and the wave front of said reference light 
beam, said reference light beam having the 
slight difference in frequency with respect to 
said first backward scattered light beam, with 
each other, and an intensity of a second inter- 
ference light beam, which is obtained from the 
matching of the wave front of said second back- 
ward scattered light beam and the wave front 
of said reference light beam, said reference 
light beam having the slight difference In fre- 
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quency with respect to said second backward 
scattered light beam, with each other, 

v) a heterodyne operation means for calculat- 
ing an intensity of said first bacloward scattered 
light beam from the intensity of said first inter- s 
ference light beam, and calculating an Intensity 

. of said second backward scattered light beam 
from the intensity of said second interference 
light beam, 

vi) a light absorption characteristics analyzing io 
means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 
which fills the anterior aqueous chamber, from 

the Intensity of said first backward scattered 
light beam and the intensity of said second 
backward scattered light beam, and 
vil) a glucose concentration calculating means 
for calculating a concentration of glucose In the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 20 
been obtained with respect to the plurality of 
said coherent light beams. 

17. An apparatus as defined in Claim 16 wherein said 
tight source device comprises a single light source 25 
capable of selectively radiating out each of the plu- 
rality of said coherent light beams, and a control 
means for controlling said light source such that 
said light source may selectively radiate out one of 
the plurality of said coherent light beams. 30 

18. An apparatus as defined in Claim 16 wherein said 
light source device comprises a plurality of light 
sources, each of which radiates out one of said co- 
herent light beams. 35 

19. A glucose concentration measuring apparatus, 
comprising: 

i) a light source device for radiating out a plu- 40 
rality of ultrashort pulsed light beams, which 
have different wavelengths, 
II) an optical time-domain backward scattering 
measurement means for in^adiatlng said ul- 
trashort pulsed light beam to the eyeball, and 45 
carrying out time series measurement of each 
of an intensity of a first backward scattered light 
beam of said ultrashort pulsed tight beam, said 
first backward scattered light beam coming 
from an Interface between the cornea and the so 
- anterior aqueous chamber of the eyeball, and 
an Intensity of a second backward scattered 
light beam of said ultrashort pulsed light beam, 
said second backward scattered light beam 
coming from an Interface between the anterior ss 
aqueous chamber and the crystalline lens of 
the eyeball, 

ill) a light absorption characteristics analyzing 



means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 
which fills the anterior aqueous chamber, from 
the intensity of said first backward scattered 
light beam and the intensity of said second 
backward scattered light beam, and 
iv) a glucose concentration calculating mearis 
for calculating a concentration of glucose in the 
constituents of the aqueous humor frorh the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 
said ultrashort pulsed light beams having differ- 
ent wavelengths. - 

20. An apparatus as defined in Claim 19 wherein said 
light source device comprises a single light source 
capable of selectively radiating out each of the plu- 
.rality of said ultrashort pulsed light beams, and a 
control means for controlling said light source such 
that said tight source may selectively' radiate out 
one of the plurality of said ultrashort pulsed light 
beams. 

21. An apparatus as defined In Claim 19 wherein said 
light source device comprises a pjurality of light 
sources, each of which radiates out one of said ul- 
trashort pulsed light beams. 

. 22. A glucose concentration measuring apparatus as 
defined in Claim 13, comprising a table represent- 
ing correlation between concentrations of glucose 
in the constituents of the aqueous humor, which 
concentrations have been measured with an appa- 
ratus as defined in Claim 13, and concentrations of 
glucose in the blood, which have been measured 
previously, 

wherein a concentration of glucose In the 
blood Is non-invaslvely detenmined from a concen- 
tration of glucose in the constituents of the aqueous 
humor, which concentration is newly measured with 
an apparatus as defined In Claim 1 3, and said table. 

23. A glucose concentration measuring apparatus as 
defined in Claim 16, cortiprising a table represent- 
ing correlation between concentrations of glucose 
in the constituents of the aqueous humor, which 
concentrations have been measured with an appa- 
ratus as defined in Claim 1 6, and concentrations of 
glucose in the blood, whtoh have been measured 
previously, 

wherein a concentration of glucose in the 
blood Is non-invaslvely determined from a concen- 
tration of glucose in the constituents of the aqueous 
humor, which concentration is newly measured with 
an apparatus as defined in Claim 1 6, and said table. 

24. A glucose concentration Pleasuring apparatus as 
defined In Claim 19, comprising a table represent- 
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Ing correlation between concentrations of glucose 
In the constituents of the aqueous humor, which 
concentrations have been PDeasured with an appa- 
ratus as defined in Ciaim 19, and concentrations of 
glucose In the blood, which have been measured 5 
previously, 

wherein a concentration of glucose In the 
blood is non-invasively determined from a concen- 
tration of glucose In the constituents of the aqueous 
humor, which concentration is newly measured with io 
an apparatus as defined in Claim 1 9, and said table. 

PatentansprQche 

15 

1 . Verf ahren zur Messung von Glukosekonzentratlon, 
umfassend foigende Schritte: 

I) ein LichtstrahlbOndel gerlnger Koharenz, das 
von einer vorbestlmmten Lichtquelle abge- 20 
strahlt wurde. wird aufgetrennt in eIn Signal- 
lichtstrahibundel und ein Referenzlichtstrahl- 
bundel, die jeweils entlang einem von zwei un- 
terschiedlichen optischen Wegen laufen, 

II) das Slgnalllchtstrahlbundel und/oder das 25 2. 
Referenzllchtstrahlbundel wird derart modu- 

liert, daQ zwischen Ihnen eine geringe Fre- 
quenzdlfferenz auftreten kann, 

iii) das Signallichtstrahlbundel wird auf den In 
einer vorbestlmmten Stellung beflndllchen so 
Augapfel gestrahtt, 3. 

iv) Veranlassen, daB ein erstes zuruckgestreu- 
tes LichtstrahlbOndel von dem auf den Augap- 
fel aufgestrahlten Slgn'allichtstrahlbOndel, 
stammend von der Grenzfiache zwischen der 3s 
Hornhaut und der vorderen Augapfel-Flussig- 4. 
keitskammer, und das Referenzllchtstrahlbun- 
del mitelnander Interferieren, Indem eIne opti- 

sche Weglange des Referenzlichtstrahlbun- 
dels einjustiert wird, urn dadurch ein erstes In- 40 
terferenzlichtstrahlbundel zu erhalten, 
V) Messen der Intensltat des ersten Interferenz- 
Ilchtstrahlbundels, 
. vi) Berechnen der Intensltat des ersten zuruck- 
gestreuten LIchtstrahlbundels aus der IntensI- 45 
tdt des ersten InterferenzlichtstrahlbQndels, 
vli) Veranlassen, daB ein zweites zurQckge- 
streutes Lichtstrahibundel von dem Slgnalllcht- 
strahlbundel, welches auf den Augapfel ge- 
strahlt wurde, stammend von der Grenzfiftche so 
zwischen der vorderen Flusslgkeitskammer 
und der kristallinen Linse des Augapfels, und 
das Referenzllchtstrahlbundel miteinander in- 
terferieren, indem die optische Weglange des 
Referenzlfchtstrahlbiindels einjustiert wird, um ss 
ein zweites Interferenzlichtstrahlbundel zu er- 
halten, 

viil) Messen der Intensltat des zweiten Interfe- 



renzlichtstrahtbundels, 

ix) Berechnen der intensltat des zweiten zu- 
rOckgestreuten LIchtstrahlbundels aus der In- 
tensltat des zweiten Interferenzlichtstrahlbun- 
dels, 

X) Ermittein der LIchtabsorptionskennlinie von 
Bestandteiien des Kammerwassers, das die 
vordere Flusslgkeitskammer ausfultt, aus der 
Intensltat des ersten zurtickgestreuten Licht- 
strahlbQndels und der Intensitat des zweiten 
zurQckgestreuten LIchtstrahlbundels, . 
xi) Emnltteln der LIchtabsorptionskennlinie der 
Bestandteile des Kammerwassers bezugllch 
jedes einer Mehrzahl welterer LichtstrahlbOn- 
del geringer Koharenz, deren Welleniangen- 
bander ^Icb von dem Wellenlangenband des 
• ^enannten Lichtstrahibundels geringer Koha- 
renz unterscheiden, in dergletehen Weise, und 
xil) Berechnen einer Konzentration von Gluko- 
se in den Bestandteiien des Kammerwassers 
aus den Llchtabsorptionskennlinien, die fOr die 
mehreren Lichtstrahibundel geringer Koharenz 
erhalten wurden. 

Verfahren nach Anspruch 1, bei dem jeder der 
LichtstrahlbOndel geringer Kohdrenz ausgewahtt 
wird als Tell von LIcht, dessen Emisslpnswellenian- 
genband brelter 1st ats das Wellenlangenband jedes 
LtehtstrahlbOndels geringer Koharenz. 

Verfahren nach Anspruch 1, bei dem Jedes der 
Lichtstrahibundel geringer Koharenz von einer von 
mehreren verschledenen LIchtquellen abgestrahtt 
wird. 

Verfahren zum Messen von Gjukose Konzentration, 
umfassend die Schritte: 

I) ein koharentes Lichtstrahibundel, das von ei- 
nervorbestlmmten Lichtquelle abgestrah It wur- 
de, und dessen Frequenz zeitlich sagezahnfor- 
mig gewobbelt wird, wird In ein Signallicht- 
strahlbundel und ein ReferenzlichtstrahlbOndel 
aufgetrennt, die jeweils entlang einem von zwei 
verschledenen optischen Wegen laufen, 

ii) das Slgnalllchtstrahlbundel wird auf den in 
einer vorbestlmmten Stellung befindlichen 
Augapfel gestrahlt. 

iii) es wird veranlaBt. daB ein erstes zuruckge- 
streutes LichtstrahlbOndel des Signatllcht- 
strahlbundels, stammend von einer Grenzfld- 
che zwischen der Momhaut und der vorderen 
Flusslgkeitskammer des Augapfels, und das 
Referenzltehtstrahlbundel mitelnander Interfe- 
rieren, wobel das ReferenzlichtstrahlbOndel 
aus dem koharenten Lichtstrahl besteht, der 
aus der Ltohtquelle mit einer Zeitdifferenz ab- 
gestrahlt wurde, die einer DIfferenz zwischen 
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einer optlschen WeglSnge des Slgnallicht- 
strahlbundels und des ersten zuruckgestreuten 
UchtstrahlbQndeis und einer optischen Weg- 
l§nge des Referenzlichtstrahlbundels ent- 
spricht, und das einen Frequenzunterschied s 
bezugllch des ersten zuruckgestreuten Ucht- 
strahlbQndeis aufweist, um dadurch ein erstes 
Interferenzlichtstrahlbundel zu erhalten, 
iv) Messen der IntensltSt des ersten Interfe- 
renzHchtstrahlbundels, io 
V) Berechnen der Intensitat des ersten zurOck- 
gestreuten LIchtstrahlbundels aus der Intensi- 
tat des ersten Interferenzlichtstrahlbundels, 
vl) Veranlassen, daB ein zweltes zurOckge- 
streutes LIchtstrahlbundel des SIgnatilcht- is 
strahlbundels, stamhnend von eIner Grenzfla- 
che zwischen der vorderen Fliissigkeftskam- 
mer und der LInse des Augapfels, und das Re- 
ferenzlichtstrahlbundel miteinander Interferle- 
ren, wobei das Referenzlichtstrahlbundel aus ^ 
dem kohdrenten LIchtstrahlbQndel besteht, 
welches von der Lichtquelle abgestrahit wurde 
mit einer zeitlichen Differenz gemSR einer Dlf- 
ferenz zwischen der optischen Weglange des 
Signaliichtstrahlbundels und des zweiten zu- 25 
rftekgestreuten LIchtstrahlbQndels einerselts 
und einer optischen Wegldnge des Referenz- 
lichtstrahlbundels andererseits, und das eine 
Frequenzdifferenz gegenuberdem zweiten zu- 
ruckgestreuten Lichtstrahibundels aufweist, so 
um dadurch ein zweites Interferenzlichtstrahl- 
bundel zu erhalten, 

vil) Messen der intensitat des zweiten interfe- 
renzlichtstrahlbundels, 

vlll) Berechnen der Intensitat des zweiten zu- 35 
ruckgestreuten Lichtstrahibundels aus der in- 
tensitat des zweiten interferenzlichtstrahlbun- 
dels, 

Ix) Ermitteln der LIchtabsorptionskennilnie von , 
Bestandtellen des Kammerwassers, welches 4b 
die vordere Fiussigkeitskammer ausfuilt, aus 
der intensitat des ersten zuruckgestreuten 
Lichtstrahibundels und der intensitat des zwei- 
ten zuruckgestreuten Lichtstrahibundels, 
. X) Ermitteln der LIchtabsorptionskennilnie der 45 
Bestandteite des Kammerwassers fur jedes ei- 
ner Mehrzahl welterer koharenter LIchtstrahl- 
bundel, die andere Weiieniangen besitzen ais 
das koharente Lichtstrahibundel, in der giel- 
Chen Weise, und so 
xi) Berechnen einer Glukosekonzentratlon in 
den Bestandtellen des Kammerwassers aus 
den LIchtabsorptlonskenniinien, die fur die 
mehreren koharenten Lichtstrahibundel erhal- 
ten wurden. ss 

Verfahren nach Anspruch 4, bei dem die koharen- 
ten LichtstrahlbOridel selektiv von einer einzigen 



Lichtquelle abgestrahit werden. 

6. Verfahren nach Anspruch 4, bei dem Jedes der ko- 
harenten Lichtstrahibundel aus einer von mehreren 
verschiedenen Ltehtquellen abgestrahit wird. 

7. Verfahren zur iVIessung von Glukosekonzentration, 
umfassend die Schritte: 

i) Aufstrahlen' eines . uitrakurzen gepuisten 
Lbhtstrahibundeis, das von einer vorbestimm- 
ten Lichtquelle abgestrahit wurde, auf den Aug- 
apfel, 

il) Messen sowohl der Intensitat eiries ersten 
zuruckgestreuten Lichtstrahibundels von dem 
uitrakurzen gepuisten LichtstrahibOndei, stam- 
mend von einer Grenzfiache zwischen der 
Homhaut und der vorderen FIQsslgkeltskam- 
mer des Augapfels, ais auch der Intensitat ei- 
nes zweiten zurQckgestreuten gchtstrahibQn- 
dels von dem uitrakurzen gepuisten Lichtstrahi- 
bundel, stammend von einer Grenzfiache zwi- 
schen der vorderen Fiussigkeitskammer und 
der Linse des Augapfels, 
ill) EnnitteIn der LIchtabsorptionskennilnie 'der 
Bestandteile des Kammen/vassers, das die vor- 
dere FiQssigkeltslcammer ausfuilt, aus der In- 
tensitat des ersten zuruckgestreuten Licht- 
strahibundels und der intensitat des zweiten 
zuruckgestreuten Lichtstrahibundels, 
iv) Enmittein von Lichtabsorptlonskeririlinien 
der Bestandteile des Kammenvassers bezQg- 
lich jedes von mehreren welteren uitrakurzen 
gepuisten Lichtstrahibundein, deren Weiien- 
iangen sich von der Welleniange des erwahn- 
ten uitrakurzen gepuisten Lichtstrahibundels 
unterscheiden, in der gleichen Weise, und 
V) Berechnen der Giukosekonzentratlon in den 
Bestandtellen des Kammenvassers aus den 
Ltohtabsorptionskennilnlen, die fOr die mehre- 
ren uitrakurzen gepuisten Lichtstrahibundel 
verschiedener Weiieniangen ennitteit wurden. 

8. Verfahren nach Anspnjch 7, bei dem die uitrakur- 
zen gepuisten LichtstrahibOndei selektiv von einer 
einzigen Lichtquelle abgestrahit werden. 

9. Verfahren nach Anspruch 7, bei dem jedes der ui- 
trakurzen gepuisten Lichtstrahibundel aus einer 
von mehreren verschiedenen LIchtqueiien abge- 
strahit wird. 

10. Verfahren zur Messung von Glukosekonzentration 
umfassend die Schritte: 

fur die Glukosekonzentrationen in den Be- 
standtellen der KammerflQssigkeit, gemessen 
nach einem' Verfahren gemas Anspruch 1, in- 
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vasives Messen der entsprechenden'Konzen- 
trationen von Giukose im Blut, wobei die Kor- 
relation zwischen den Glukosekonzentratlonen 
In den Bestandteilen des Kammenwassers und 
den Glukosekonzentratlonen im Blut hierdurch s 
vorab bestlmmt wird, und 

anschiieBend nicht-invasives Ermittein der 
Glukosekonzentratlon im Blut aus der Glukbse- 
konzentratlon In den Bestandteilen des Kam- iO 
menArassers, welche Konzentratlon erneut 
nacli einem Verfahren gemaB Anspmch 1 ge- 
messen wird, und aus Jener Korrelation. 

1 1 . Verfahren zur Messung von Glukosekonzentratlon, is 
umfassend die Schritte: 

fur die Glukosekonzentratlonen In den Be- 
standteilen der KammerfjQssigkeit, gemessen 
nach einem Verfaliren gemSB Anspruch 4, In- 20 
vasives Messen der entsprechenden Konzen- 
tratlonen von Giukose Im Blut, wobel die Kor- 
relation zwischen den Glukosekonzentratlonen 
In den Bestandteilen des Kammerwassers und 
den Glukosekonzentratlonen Im Blut hierdurch 25 
vorab bestlmmt wird, und 

anschiieBend nicht-lnvasives Ennlttein der 
Glukosekonzentratlon Im Blut aus derGlukose- 
konzentratlon in den Bestandteilen des Kam- 3o 
menwassers, welche Konzentratlon emeut 
nach einem Verfahren gemaB Anspruch 4 ge- 
messen wird, und aus Jener Korrelation. 

12. Verfahren zur Messung von Giukosekonzentration, 35 
umfassend die Schritte: 

fur die Glukosekonzentratlonen In den Be- 
standteilen der Kammerflusslgkelt. gemessen 
nach einem Verfahren gemaB Anspruch 7, in- 40 
vasives Messen der entsprechenden Konzen- 
tratlonen von Giukose im Blut, wobei die Kor- 
relation zwischen den Glukosekonzentratlonen 
in den Bestandteilen des Kammenvassers und 
den Glukosekonzentratlonen im Blut hierdurch 
vorab bestlmmt wird, und 

anschiieBend nicht-invasives Ermittein der 
Giukosekonzentration im Blut aus der Glukose- 
konzentratlon in den Bestandteilen des Kam- so 
menwassers, welche' Konzentratlon erneut 
nach einem Verfahren gemSB Anspruch 7 ge- . 
messen wird, und aus Jener Korrelation. 

13. Vorrichtung zur Messung von Glukosekonzentrati- ss 
on, umfassend: 

i) eine Lichtquellenelnrichtung zum Abstrahlen 



einer Mehrzahi von LichtstrahibOndein geringer 
KohSirenz, die verschledene Emissionswelien- 
langenbander aufweisen, 
11) eine optlsche Wegauftrennelnrichtung zum 
Auftrennen jedes der Uchtstrahlbundel gerin- 
ger Koharenz, das von der Lichtquelleneinrich- 
tung abgestrahit wurde, in ein Signalltehtstrahl- 
bundel, das auf den Augapfel gestrahtt wird, 
und ein Referenzlichtstrahlbundel, wobel jedes 
StrahlbOndel entlang einem von zwei verschie- 
denen optlschen Wegen Iduft, 
ill) eine Modutationselnrichtung, die sich in zu- 
mindest einem der beiden verschiedenen optl- 
schen Wege beflndet. und die mlndestens ein 
StrahlbOndel von dem Signallichtstrahlbundel 
und dem'Referenzllchtstrahlbundel derart mo- 
duliert, daB zwischen den Strahlbundein eine 
geringe Frequenzdifferenz auftreten kann, 
iv) eine Einjustiereinrichtung zum Einjustieren 
einer optlschen Weglange des optlschen 
Wegs, entlang dem das Referenzlichtstrahl- 
bundel iauft, 

V) eine Wellenfront-AnpaBeinrichtung zum: 

Anpassen einer Welienfront eines ersten 
zurDckgestreuten LichtstrahlbOndeis von 
dem Signallichtstrahlbundel, das auf den 
Augapfel gestrahlt wurde, wobei das erste 
zuriickgestreute Lichtstrahlbundel von ei- 

. ner Grenzfiache zwischen der l-lomhaut 
und der vorderen Flusslgkeitskammer des 
Augapfels stammt, an eine Welienfront des 
ReferenzlrchtstrahlbOndeis, und 
Anpassen einer Welienfront eines zweiten 
zuriickgestreuten Lichtstrahlbundels des 

. SignailichtstrahlbQndets, das auf den Aug- 
apfel gestrahlt wurde, wobel das zwelte zu- 
rOckgestreute Lichtstrahlbdndel von einer 
Grenzfiache zwischen der vorderen Flus- 
stgkeitskammer und der Linse des Augap- 
fels stammt, an eine Welienfront des Refe- 
renzlichtstrahlbundels, 

vl) einen Photodetektorzum photoelektrischen 
Nachweisen der Intensitat eines ersten Interfe- 
renzlichtstrahlbundels, erhalten durch die An- 
passung der Welienfront des ersten zuriickge- 
streuten Lichtstrahlbundels und der Welien- 
front des Referenzlichtstrahlbundels anelnan- 
der, und der Intensitdt eines zweiten Interfe- 
renzlichtstrahlbundels, erhalten aus der An- 
passung der Welienfront des zweiten zuruck- 
gestreuten Lichtstrahlbundels und der Welien- 
front des Referenzlichtstrahlbundels 
anelnander, 

vii) eine Uberlagerungselnrichtung zum Be- 
rechnen der intensitat des ersten zurDckge- 
streuten LichtstrahtbQndeis aus der Intensltdt 
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des ersten Interferenzllchtstrahlbundels, und 
zum Berechnen der IntensitSt des zweiten zu- 
. ruckgestreuten Lichtstrahlbundels aus der In- 
tensity des zweiten Interferenzllchtstrahlbun- 
dels, 5 
vlll) eine Lichtabsorptionsl^ennllnien-Analy- 
seelnrlchtungzum Ermltteln von Lichtabsorptl- 
onskennllnlen von Bestandteilen des Kammer- 
wassers, das die vordere Flusslgkeltskammer 
ausfullt, aus der Intensity des ersten zuruck- io 
gestreuten Lichtstrahlbundels und der Intensl- 
tat des zweiten zuriickgestreuten Lichtstrahl- 
bundels, und 

Ix) eine Glukosekonzentratlons-Berechnungs- 
einrichtung zum Berechnen der Glukosekon- is 
zentration in den Bestandteilen des Kammer- 
wassers aus den Lichtabsorptionskennlinien, 
die bezuglich der mehreren LIchtstrahlbundel 
geringer.Koharenz enmlttelt wurden. 

20 

14. Vorrichtung nach Anspruch 13, bei der die Licht- 
quelleneinrichtung eine einzelne Lichtquelle zum 
Abstrahlen von schwach kcharentem LIcht auf- 
welst, dessen Emisslonswellenlangenband brelter 

1st ats das Wellenlangenband jedes der Lichtstrahl- 25 
bQndel geringer Kohdrenz, und eine Wellenlfingen- 
auswahleinrichtung zum Auswahlen jedes der 
LIchtstrahlbundel geringer Koharenz in Bezug auf 
die Wellenlange aus dem schwach koharenten 
Licht, das das brelte Emisslonswellenlangenband so 
aufwelst. 

15. Vorrichtung nach Anspruch 13, bei der die LIcht- 
quellenelnrlchtung mehrere Lichtquellen aufweist, 

die jeweils eines der Lichtstrahlbundel geringer Ko- 35 
harenz abstrahlen. 

16. Vorrichtung zur l^essung von Glukosekonzentrati- 
on, umfassend: / 

40 

I) eine Lichtquellenelnrlchtung zum Abstrahlen 
mehrerer kohSrenter LichtstrahlbQndel unter- 
schiedlicher Wellenlangen, deren Frequenzen 
zeitlich in einer Sggezahnform gewobbelt wer- 
den, . 45 

il) eine optische Wegauftrennelnrichtung zum 
Auttrennen jedes der koharenten LIchtstrahl- 
bundel, das von der Lichtquellenelnrlchtung 
. abgestrahit wurde, und dessen Frequenz ge- 
wobbelt 1st, in ein SlgnaliichtstrahlbQndel^ wel- 50 
ches auf den Augapfel gestrahit wird, und eln 
ReferenzlichtstrahlbOndel, wobei jedes LIcht- 
strahlbundel entlang einem von zwei verschle- 
denen optischen Wegen ISuft, 
ill) eine Wellenfront-AnpaBeinrichtung zum: 55 

Anpassen eIner Wellenfront eines ersten 
zuruckgestreuten LlchtstrahibOndels des 



SignaltichtstrahlbQndels, stammend von 
einer Grenzflfiche zwischen der Homhaut 
und der vorderen Flusslgkeltskammer des 
Augapfels, und einer Wellenfront des Re- 
ferenziichtstrahlbundeis anelnander, wo- 
bei das ReferenzlichtstrahlbOndel aus dem 
koharenten LIchtstrahibQndel besteht, das 
von der Lichtquellenelnrlchtung mlt einer 
zeitlichen DIfferenz abgestrahit wurde, die 
der DIfferenz zwischen einer optischen 
Wegiange des Slgnallk:htstrah!bundels 
und dem ersten zuruckgestreuten Licht- 
strahlbundel einerseits und einer opti- 
schen Wegiange des Referenzlichtstrahl- 
bbndeis 6ndererselts entspricht, und wel- 
ches eine Frequenzdtfferenz gegenOber 
dem ersten zuruckgestreuten LIchtstrahl- 
bundel aufweist, .und 

Anpassen einer Wellenfront eines zweiten 
zuruckgestreuten Lichtstrahlbundels des 
Signallichtstrahlbundels, stammend von 
einer GrenzflSche zwischen der vorderen 
FlOssigkeltskammer und der Linse des 
Augapfels, und einer Wellenfront des Re- 
ferenzlichtstrahlbQndels anelnander, wo- 
bei das ReferenzltehtstrahlbQnde! geblldet 
wird durch das koh§rente LIchtstrahlbun- 
del, das von der Lichtquelienelnrichtung 
mlt einer zeitlichen DIfferenz abgestrahit 
wurde, die einer DIfferenz zwischen einer 
optischen Wegldnge des Signallichtstrahl- 
bundels und des zweiten zuruckgestreuten 
Lichtstrahlbundels einerseits und einer op- 
tischen Wegiange des Referenzlichtstrahl- 
bundels andererselts entspricht, und das 
eine Frequenzditferenz gegenOber dem 
zweiten zurOckgestreuten LichtstrahlbOn- 
del aufweist; 

iv) einen Photodetektor zum photoelektrischen 
Erfassen der Intensltat eines ersten Interfe- 
renzlichtstrahlbOndels. welches eriialten wird 
aus der Anpassung der Wellenfront des ersten 
zurOckgestreuten LlchtstrahibOndels und der 
Wellenfront des ReferenzlichtstrahlbOndels, 
wobei das ReferenzlichtstrahlbOndel eine ge- 
ringe Frequenzdifferenz gegenOber dem er- 
sten zuruckgestreuten LichtstrahlbOndel auf- 
weist, und zum Erfassen einer Intensltat eines 
zweiten InterferenzlichtstrahlbOndeis, eriialten 
aus der Anpassung der Wellenfront des zwei- 
ten zurOckgestreuten LlchtstrahibOndels und 
der Wellenfront des ReferenzlichtstrahlbOndels 
anelnander, wobei das ReferenzlichtstrahlbOn- 
del die geringfOgige Frequenzdifferenz gegen- 
Ober dem zweiten zurOckgestreuten Licht- 
strahlbQndel aufweist, 

V) eine Oberiagerungselnrichtung zum Berech- 
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nen der Intensit&t des ersten zurOckgestreuten 
LichtstrahlbQndels aus der IntensltSt des ersten 
InterferenzHchtstrahlbQndels, undzum Berech- 
nen der Intensftat des zwelten zurOckgestreu- 
ten LichtstrahlbOndeis aus der IntensitSt des 
zwelten Interferenzllchtstrahlbundels, 
vl) eine Lichtabsorptionskennlinien-Analy- 
seeinrichtung zum Ermlttein von Lichtabsorptl- 
onskennlinlen von Bestandteilen des Kammer- 
wassers, das die vordere Flussigkeltskammer 
enthalt. aus der Intensltat des ersten zurOckge- 
streuten Ltehtstrahlbundels und der Intensltdt 
des zwelten zurOckgestreuten LichtstrahlbQn- 
dels. und 

vll) elne Glukosekonzentrations-Berechnungs- 
einrichtung zum Berechnen der Glukosekon- 
zentratlon In den Bestandteilen des Kamnfier- 
wassers aus den LIchtabsorptlonskennllnlen, 
die fur die mehreren kohSrenten Uchtstrahl- 
bCindel ertialten wurden. 

17. Vorrichtung nach Anspruch 16, bel der die Licht- 
quelleneinrichtung elne einzelne Lichtquelle auf- 
welst. die In der Lage 1st, selektiv jedes der mehre- 
ren koharenten LIchtstrahlbundel abzustrahlen, 
und elne Steuerelnrlchtung enthait, urn die Licht- 
quelle derart zu steuern, daR sle selektiv eines der 
mehreren koharenten LIchtstrahlbundel abstrahlen 
kann. 

18. Vorrichtung nach Anspruch 16, bel der die LIcht- 
quelleneinrichtung mehrere Lichtquellen aufweist, 
die jeweiis eines der koharenten LIchtstrahlbQndet 
abstrahlen. 

19. Vorrichtung zur Messung von Glukosekonzentratl- 
on, umfassend: 

I) elne Lichtquellenelnrlchtung zum Abstrahlen 
mehrerer ultrakurzer gepulster LIchtstrahlbun- 
del unterschledllcher WellenlSngen, 

II) elne optische Zeitdomanen- 
RuckstreumeBelnrlchtung zum Aufstrahlen 
des ultrakurzen gepulsten Lichtstrahibundels 
auf den Augapfel und zum Durchfuhren einer 
zeitserlellen Messung sowohl der Intensltat ei- 
nes ersten zurOckgestreuten Lichtstrahibun- 
dels von dem ultrakurzen gepulsten LIchtstrahl- 
bundel, stammend von eIner GrenzflSche zwi- 
schen der Homhaut und der vorderen FIQssig- 
keltskammer des Augapfels, als auch der in- 
tensltat eines zwelten zurOckgestreuten Licht- 
strahibundels von dem ultrakurzen gepulsten 
LIchtstrahlbundel, stammend von eIner Grenz- 
flSche zwischen der vorderen Flussigkeltskam- 
mer und der Linse des Augapfeis, 

III) elne Ltehtabsorptlonskennlinlen-Anaiy- 
seeinrichtung zum Emnittein von LIchtabsorptl- 



onskennllnlen von Bestandteilen des Kammer- 
wassers, das die vordere Flussigkeltskammer 
ausfullt, aus der Intensltat des ersten zurOck- 
gestreuten LichtstrahlbOndeis und der Intensl- 
5 t§t des zweiten zurOckgestreuten Ltehtstrahl- 

bundelSi und 

iv) elne Glukosekonzentratlons-Berechnungs- 
elnrlchtung zum Berechnen der Glukosekon- 
zentration In den Bestandteilen des Kammer- 
10 wassers aus den LIchtabsorptlonskennllnlen, 

die fOr die mehreren ultrakurzen gepulsten 
Lichtstrahibundel unterschiedlicher Wetienldn- 
gen erhalten wurden. 

15 20. Vorrichtung nach Anspruch 19, bel der die Licht- 
quelieneinrichtung elne einzelne Lichtquelle auf- 
weist,' die in der Lage 1st, selektiv Jedes der mehre- 
ren ultrakurzen. gepulsten LlchtstrahlbOndei abzu- 
strahlen, und elne Steuerelnrlchtung aufweist zum 

20 Steuern der Lichtquelle derart, daB sle selektiv ei- 
nes. der mehreren ultrakurzen gepulsten LIcht- 
strahlbundel abgeben kann. 

21. Vorrichtung nach Anspruch 19. bel der die Licht- 
25 quelleneinrichtung mehrere Lichtquellen aufweist, 
die Jewells eines der ultrakurzen gepulsten Llcht- 
strahlbOndei abstrahlt. 

, 22. Vorrichtungnach Anspruch 13, umfassend elneTa- 
90 belie, die die Konrelatlon zwischen Glukosekonzen- 
tratlonen in den Bestandteilen des Kammerwas- 
sers, wie sie mit der Vorrichtung nach Anspruch 13 
gemessen wurden, und Glukosekonzentratlonen 
des Bluts, die vorab gemessen wurden, reprdsen- 
35 tiert, 

wobel eine Glukosekonzentratlon des Bluts nicht- 
invaslv emnlttelt wird aus der Glukosekonzentratlon 
In den Bestandteilen des Kammenvassers, ufie sie 
emeut mit einer Vorrichtung nach Anspruch 13 ge- 
40 messen wurde, und derTabelle. 

23. Vorrichtung nach Anspruch 1 6, umfassend elne Ta- 
belle. die die Konrelatlon zwischen Glukosekonzen- 
tratlonen in den Bestandteilen des Kammenvas- 
4S sers, wie sle mit der Vorrichtung nach Anspruch 1 6 
gemessen wurden, und Glukosekonzentratlonen 
des Bluts, die vorab gemessen wurden, reprasen- 
tlert, 

wobel elne Glukosekonzentratlon des Bluts nicht- 
so Invasiv ermlttelt wird aus der Glukosekonzentratlon 
In den Bestandteilen des Kammenwassers, wie sle 
emeut mit einer Vorrichtung nach Anspruch 1 6 ge- 
messen wurde, und derTabelle. 

ss 24. Vonichtung nach Anspruch 1 9, umfassend eine Ta- 
belle, die die Korreiatlon zwischen Glukosekonzen- 
tratlonen in den Bestandteilen des Kammenvas- 
sers, wie sie mit der Vorrichtung nach Anspruch 1 9 
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gemessen wurden, und Glukosekonzentrationen 
des Bluts, die vorab gemessen wurden, reprdsen- 
tiert, 

wobei eine Glukosekonzentration des Bluts nicht- 
mvasiv ennrttelt wird aus der Glukosekonzentration 5 
In den Bestandteiten des Kammerwassers, wie sie 
erneut mit einer Vorrlchtung nach Anspmch 19 ge- 
messen wurde, urid derlabetle. 

10 

Revendlcatlons 

1. Prcc^dddemesuredeta concentration de glucose, 
comprenant les stapes conslstant & : 

15 

i) s6parer un faisceau de lumifere de falble co- 
h6rence qui a 6t6 rayonn6 hors d'une source 
de iumi^re pr6d6tenmln6e. en un faisceau de 
lumi^re de signal et un faisceau de lumi^re de 
r^f^rence, dont chacun se d^place le long de ^ 
run pamil deux trajets optiques dlff6rents, 

ii) moduier au moins I'un ou I'autre dudit fais- 
ceau de luml^re de signal et dudIt faisceau de 
lumifere de r6f6rence de sorte qu'une I6g6re dif- 
ference de frequence pulsse apparaltre entre 25 
ceux-ci, 

Hi) faire rayonner ledit faisceau de lumi^re de 

signal vers le globe oculaire se situant 6 une 2. 

position pr6d6tenmin6e, 

iv) amener un premier faisceau de Iumi6re dif- 30 
fuse vers I'arriere dudit faisceau de iuml^re de 
signal ayant et6 rayonn6 vers le globe ocutaire, 
ledit premier faisceau de iumi^re diffuse vers 
Tarrifere provenant d'une interface entre ia cor- 
n6eet la chambreaqueuseanterieuredu globe 35 3. 
oculaire, et iedit faisceau de iumifere de refe- 
rence d interferer I'un avec I'autre en ajustant 
une longueur de trajet optlque dudIt faisceau 
de lumiere de reference, un premier faisceau , 
de lumiere d'Interference etant ainsi obtenu, 4p 4. 
" V) mesurer une intensite dudit premier faisceau 
de iumiere d'interference, 
vl) calculer une intensite dudit premier faisceau 
de Iumiere diffuse vers I'aniere & partir de ('In- 
tensite dudit premier faisceau de lumlfere d'ln- 45 
terference, 

vii) amener un second faisceau de iumiere dif- 
fuse vers I'arriere dudit faisceau de Iumiere de 
signal ayant ete rayonne vers le globe oculaire, 
iedit second faisceau de Iumiere diffuse vers so 
.I'arriere provenant d'une Interface entre la 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, et ledit faisceau de Iumiere de 
reference k interferer i'un avec i'autre en ajus- 
tant la longueur de trajet optlque dudit faisceau ss 
de Iumiere de reference, un second faisceau de 
Iumiere d'interference etant ainsi obtenu, 

viii) mesurer une Intensite dudit second fais- 



ceau de Iumiere d'interference, 
ix) calculer une Intensite dudit second faisceau 
de Iumiere diffuse vers I'arriere k partir de I'in- 
tensite dudit second faisceau de iumiere d'in- 
terference, 

X) obtenir les caracteristiques d'absorption de 
Iumiere des constltuants de Thumeur aqueuse, 
qui remplit la chambre aqueuse anterieure, e 
partir de i'intensite dudit premier fais6eau de1u- 
miere diffuse vfers Tanriere et de I'intensite dudit 
second faisceau de Iumiere diffuse vers I'ame- 
re, 

xi) obtenir les caracteristiques d'absorption de 
Iumiere' des constltuants de Thumeur aqueuse 
par rapport t chacun d'une pluralite d'autres 
faisceaux de lumifere de faible coherence, qui 
sont de bandes de longueurs d'onde differentes 
de la bande de longueur d'onde dudit faisceau 
de Iumiere de faible coherence, de la meme 
maniere, et , 
xli) calculer une concentration de glucose dans 
les constltuants de I'humeur aqueuse k partir 
des caracteristiques d'absorption de Iumiere. 
qui ont ete obtenues par rapport k la pluralite 
desdits faisceaux de Iumiere de faible coheren- 
ce. 

Precede selon ia revendication 1 , dans lequel cha- 
cun desdits faisceaux de Iumiere de faible coheren- 
ce est seiectionne en tant que partie de Iumiere qui 
est d'une bande de longueurs d'onde d'emfssion 
plus large que la bande de longueur d'onde de cha- 
que faisceau de Iumiere de faible coherence. 

Precede selon la revendication 1 , dans lequel cha- 
cun desdits faisceaux de Iumiere de faible coheren- 
ce est rayonne hors de I'une pamil une pluralite de 
sources de Iumiere differentes. 

Precede de mesure de la concentration de glucose, 
comprenant les etapes conslstant k : 

1} separer un faisceau de Iumiere coherente qui 
a ete rayonne hors d'une source de Iumiere 
predetemnlnee et dont la frequence est balayee 
temporellement sous une forme en dents de 
scie, en un faisceau de iumiere de signal et un 
faisceau de Iumiere de reference, dont chacun 
se deplace le long de I'un panni deux trajets op- 
tiques differents, 

11) faire rayonner ledit faisceau de Iumiere de 
signal vers le globe oculaire se trouvant k une 
position predetennlnee, 
HI) amener un premier faisceau de Iumiere dif- 
fuse vers i'an-iere dudit faisceau de Iumiere de 
signal, ledit premier faisceau de Iumiere diffuse 
vers I'aniere provenant d*une Interface entre la 
comee et la chambre aqueuse anterieure du 
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globe oculaire. et ledit faisceau de lumi^re de 
r6f6rence k Interf §rer I'un avec I'autre, ledit fais- 
ceau de lumi^re de rSf^rence 6tant constltu^ 
' du faisceau de Iumi6re coh^rente qui a 6t6 
rayonn^ hors de ladite source de tumi^re avec s 
une difference dans le temps confomrie ^ une 
difference entre une longueur de trajet optique 
dudit faisceau de lumi^re de signal et dudit pre- 
mier faisceau de lumifere diffuse vers rarrifere 
et une longueur de trajet optique dudit faisceau io s. 
de lumiere de reference, et qui presente une 
difference de frequence par rapport audit pre- 
mier faisceau de lumifere diffuse vers Tarriere, 
un premier faisceau de lumiere d'interf6rence 
etant ainsi obtcnu, is 6. 

iv) mesurer une Intenslte dudit premlerf alsceau 
de fumiere d'Interference, 

v) caiculer une intensite dudit premier faisceau 
de iumiere diffuse vers I'arriere k partir de i'in- 
tenslte dudit premier faisceau de Iumiere d'in- 20 7. 
terference, 

vl) amener un second faisceau de iumiere dif- 
fuse vers t'arriere dudit faisceau de Iumiere de 
signal, ledit second faisceau de iumiere diffuse 
vers I'amere provenant d'une interface entre la 2$ 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, et ledit faisceau de iumiere de 
reference k Interferer I'un avec I'autre, ledit fais- 
ceau de iumiere de reference etant constitue 
du faisceau de iumiere coherente qui a ete so 
rayonne hors de ladite source de iumiere avec 
une difference dans ie temps conforme & une 
difference entre une longueur de trajet optique 
dudit faisceau de iumiere de signal et dudit se- 
cond faisceau de Iumiere diffuse vers I'arriere 35 
et une longueur de trajet optique dudit faisceau 
de iumiere de reference, et qui presente une 
difference de frequence par rapport audit se- 
cond faisceau de Iumiere diffuse vers Tarriere, 
un second faisceau de iumiere d'Interference 
etant ainsi obtenu, 

vll) mesurer une intensite dudit second fais^ 
ceau de iumiere ^interference, 

viii) caiculer une Intensite dudit second fais- 
ceau de Iumiere diffuse vers I'arriere k partir de 4S 
i'intensite dudit second faisceau de Iumiere 
d'Interference, 

ix) obtenjr les caracteristlques d'absorptlon de 
iumiere des constituants de I'humeur aqueuse 

qui rempiit ia chambre aqueuse anterieure k so 
partir de I'intensite dudit premier faisceau de iu- 
miere diffuse vers i'arriere et de I'intensite dudrt 
second faisceau de Iumiere diffuse vers i'arrie- 
re, 

X) obtenir les caracteristlques d'absorption de ss 
Iumiere des constituants de I'humeur aqueuse 
par rapport k chacun parmi une pluralite 
d'autres falsceaux de iumiere coherente, qui 



presentent des longueurs d'onde differentes de 
la longueur d'onde dudit faisceau de Iumiere 
coherente, de la m§me maniere, et 
xl) caiculer une concentration de glucose dans 
ies constituants de I'humeur aqueuse k partir 
des caracteristlques d'absorption de Iumiere 
qui ont ete obtenues, par rapport k la pluralite 
desdits faisceaux de iumiere coherente. 

Precede selon la revendication 4, dans iequel les- 
dlts falsceaux de iumiere coherente sent rayonnes 
de fapon selective hors d'une seule source de .Iu- 
miere. 

Procede selon la revendication 4, dans Iequel cha- 
cun desdits faisceaux de Iumiere coherente est 
rayonne hors de Tune panmi une pluralite de sour- 
ces de Iumiere differentes. 

Precede de mesure de la concentration de glucose 
comprenant les etapes conslstant k : 

i) faire rayonner un faisceau de Iumiere k im- 
pulsions ultracourtes, Iequel a ete rayonne hors 
d'une source de iumiere predetemiinee, vers le 
globe oculaire, 

ii) mesurer chacune parmi une Intensite d'un 
premier faisceau de Iumiere diffuse vers i'an-ie- 
re dudit faisceau de Iumiere k impulsions ultra- 
courtes, ledit premier faisceau de Iumiere diffu- 
se vers Tarriere provenant d'une interface entre 
la cornee et la chambre aqueuse anterieure du 
globe oculaire, et une intensite d'un second 
faisceau de Iumiere diffuse vers i'arriere dudit 
faisceau de Iumiere k impulsions ultracourtes. 
ledit second faisceau de iumiere diffuse vers- 
I'arriere provenant d'une Interface entre la 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, 

III] obtenir les caracteristlques d'absorption de 
Iumiere des constituants de I'humeur aqueuse 
qui rempiit la chambre aqueuse anterieure, k 
partir de i'intensite dudit premier faisceau de Iu- 
miere diffuse vers Tan-iere et de I'intensite dudit 
second faisceau de Iumiere diffuse vers i'anie- 
re, 

Iv) obtenir les caracteristlques d'absorption de 
iumiere des constituants de i'humeur aqueuse 
par rapport k chacun parmi une pluralite 
d'autres faisceaux de iumiere k impulsions ul- 
tracourtes, lesquels presentent des longueurs 
d'onde differentes de ta longueur d'onde dudit 
faisceau de iumiere k impulsions ultracourtes, 
de la mSme maniere, et 
v) caiculer une concentration de glucose dans 
ies constituants de I'humeur aqueuse k partir 
des caracteristlques d'absorption de iumiere 
qui ont ete obtenues par rapport k la pluralite 
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desdits falsceaux de lumifere k Impulsions ul- 
tracourtes pr^sentant des longueurs d'onde dtf- 
f^rentes. 

8. Proc6d6 selon la revendicatlon 7, dans lequel les- 5 
dits falsceaux de lumlfere ^ impulsions ultracourtes 
sont rayonn6s de fagon selective hors d'une seule 
source de lumidre. 

9. Proc6d6 selon la revendication 7, dans lequel cha- 10 
cun desdits falsceaux de Iumi6re k Impulsions ul- 
tracourtes est rayonn6 hors de Tune panml une plu- 
rality de sources de lumi&re diffdrentes. 

1 0. Procdd^ de mesure de la concentration de glucose is 
comprenant les 6tapes conslstant k: 

par rapport aux concentrations de glucose 
dans les constituants de I'humeur aqueuse, 
iesquelles concentrations ont 6t6 mesur^es 20 
avec un proc§d6 tel que d6finl dans la revendi- 
catlon 1 , mesurer de fa?on Invasive les concen- 
trations correspondantes en glucose dans le 
sang, la corr6lation entre les concentrations de 
glucose dans ies constituants de I'humeur 25 
aqueuse et les concentrations de glucose dans 
le sang 6tant ainsl d^termin^es au pr6alable, et 
dStemrilner ensulte de fa^on non Invasive une 
concentration de glucose dans le sang h partir 
d'une concentration de glucose dans les cons- so 
tituants de I'humeur aqueuse, laquetle concen- 
tration est mesur6e de fa^on nouvelle avec un 
procdd^tel que ddfini dans la revendication 1. 
et ladite correlation. 

35 

1 1 . Proc6d6 de mesure de la concentration de glucose 
. comprenant les stapes conslstant k : 

par rapport aux concentrations de glucose , 
dans les constituants de I'humeur aqueuse, 
Iesquelles concentrations ont 6X6 mesur6es 
avec un proc6d6 tel que d6f ini dans ia revendi- 
cation 4, mesurer defapon invasive les concen- 
trations correspondantes en glucose dans le 
sang, la correlation entre les concentrations de 45 
glucose dans les constituants de I'humeur 
aqueuse et les concentrations de glucose dans 
le sang 6tant ainsi d6termln6es au pr6alable, et 
determiner ensulte de fa^on non invasive une 
concentration de glucose dans le sang k partir so 
d'une concentration de glucose dans les cons- 
tituants de I'humeur aqueuse, laquelle concen- 
tration est mesur6e de fa^ on nouvelle avec un 
precede tel que def ini dans la revendication 4 
et ladite congelation. 55 

12. Precede de mesure de ta concentration de glucose 
comprenant les etapes conslstant k : 



par, rapport aux concentrations de glucose 
dans les constituants de I'humeur aqueuse^ 
Iesquelles concentrations ont 6t6 mesur6es 
avec un precede tel que defini dans la revendi- 
cation 7, mesurer def afon invasive les concen- 
trations correspondantes en glucose dans le 
sang, la correlation entre les concentrations 'de 
glucose , dans les constituants de I'humeur 
aqueuse et ies concentrations de gli!jc6se dans 
le sang etant ainsi detemninees au prealable, et 
determiner ensuite de fa^on non invasive une 
concentration de glucose dans le sangii partir 
d'une concentration de glucose dans les cons- 
tituants de I'humeur aqueuse, laquelle concen- 
tration est mesuree de fa^on nouvelle avec un 
proce.de tel que defini dans la revendication 7 
et ladite correlation. 

I. Disposltif de mesure de la concentration de glucose 
comprenant : , 

i) un dispositif de source de tumidre destine k 
rayonner une pluralite de falsceaux de lumiere 
de falble coherence, qui sont de bandes de lort- 
gueurs d'onde d'emission differentes, 

ii) un moyen de separation de trajet optique 
destine k separer chacun des falsceaux de lu- 
miere de faible coherence qui a ete rayonne 
hors du dispositif de source de iumiere, en un 
faisceau de iumiere de signal rdyonne vers le 
globe oculaire et un faisceau de iumieref tie re- 
ference, dont chacun se deplace le long de I'un 
panml deux trajets optiques differents, 

ill) un moyen de modulation, qui est situ6 dans 
au moins I'un pamrii les deux trajets optiques 
differents et qui module au moins I'un dudltfais- 
ceau de Iumiere de signal et dudit faisceau de 
Iumiere de reference de sorte qu*une legdre dif- 
ference de frequence puisse apparattre entre 
ceux-ci, 

iv) un moyen d'ajustement de longueur de trajet 
optique destine h ajuster la longueur du trajet 
optique, le long duquel ledit faisceau de Iumiere 
de reference se deplace, 
V) un moyen de mise en correspondanoe de 
front d'onde destine d : 

mettre en correspondanoe un front d'onde 
d'un premier faisceau de iumiere diffuse 
vers I'arriere dudit faisceau de iumiere de 
signal ayant ete rayonne veifs ie globe ocu- 
laire, ledit premier faisceau de iumiere dif- 
fuse vers I'arriere provenant d'une interfa- 
ce entre la com6e et la chambre aqueuse " 
anterieure du globe oculaire, et un front 
d'onde dudit faisceau de iumiere de refe- 
rence run avec I'autre, et 
mettre en correspondanoe un front d'onde 
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d'un second faisceau de Iumi6re diffuse 
vers rarri^re dudit faisceau de lumi^re de 
signal ayant 6t6 rayonnd vers le globe ocu- 
lalre. ledit second faisceau de luml^re dif- 
fus6 vers Tarrifere provenant d'une Interfa- 
ce entre la chambre aqueuse antSrieure et 
le cristallin du globe oculaire, et un front 
d'onde dudIt faisceau de lumi^re de r6f6- 
rence Tun avec I'autre, 

vl) un photod6tecteur dest(n6 d d6tecter de fa- 
gon photo6lectrique une Intensity d'un premier 
faisceau de lumidre d'interf^rence. qui est ob- 
tenue k partlrde la mise en correspondance du 
front d'onde dudit premier faisceau de Iumi6re 
diffuse vers Pan-ldre et du front d'onde dudit 
faisceau de lumlfere de r6f6rence I'un avec 
i'autre, et une intensity d*un second faisceau de 
iumidre d'interfdrence, qui est obtenue k partir 
de la mIse en correspondance du front d'onde 
dudit second faisceau de luml^re diffuse vers 
i'arridre et du front d'onde dudit faisceau de lu- 
ml6re de r6f6rence I'un avec I'autre, 
vii) un moyen de mise en oeuvre h6t6rodyne 
destine k calculer une intensity dudit premier 
faisceau de lumi^re diffuse vers farridre k partir 
de l'intenslt6 dudit premier faisceau de iumi^re 
d'interf6rence et k caiculer une intensity dudit 
second faisceau de iumifere diffuse vers I'arrife- 
re k partir de i'intensit^ dudit second faisceau 
de iumlfere d'interf6rence, 
vill) un moyen d'analyse des caract6rlstlques 
d'absorptlon de lumi^re destine k obtenir les 
caract6rlstlques d'absorption de iumidre des 
constituents de I'iiumeur aqueuse qui rempiit la 
chambre aqueuse ant6rieure, k partir de I'inten- 
sit6 dudit premier faisceau de liimi^re diffuse 
vers I'arrldre et de I'lntensit^ dudit second fais- 
ceau de Iumi6re diffuse vers I'an'i^re, et 
ix) un moyen de calcul de la concentration de 
glucose destln6 k caiculer une concentration 
de glucose dans les constituants de i'humeur 
aqueuse k partir des caract^ristiques d'absorp- 
tion de ]umi6re, qui ont 6t6 obtenues par rap- 
port.^ la plurality desdits faisceaux de tumi§re 
de falble coti^rence. 

14. Dispositif selon (a revendicatlon 13, dans iequel le- 
dit dispositif de source de lumifere comprend une 
seule source de iumifere destin6e k rayonner une 
luml^re de faible coii^rence qui est d'une bande de 
longueur d'onde d'§mission plus large que la bande 
de longueur d'onde d'6mission de chacun desdits 
faisceaux de iumifere de faible coherence, et un 
moyen de s6iection de longueur d'onde destine k 
s6lectlonner chacun desdits faisceaux de lumidre 
de faible coherence par rapport k la longueur d'on- 
de k partir de ladlte luml&re de faible coherence qui 



est k large bande de longueur d'onde d'dmission. 

15. Dispositif selon la revendicatlon 13, dans iequel le- 
dit dispositif de source de lumi^re comprend une 

5 plurality de. sources de iumifere, dont chacune 
rayonne I'un parmi lesdits faisceaux de luml^re de 
faible coherence. 

1 6. Dispositif de mesure de la concentration de glucose 
10 comprenant: 

i) un dispositif de source de iuml6re destine k 
rayonner une plurality de faisceaux de luml^re 
coh^rente qui pr6sentent des longueurs d'onde 
diffdrentes et dont les fr6quences sont ba- 
lay§es te'mporeilement suivant une forme de 
dents de scie, 

II) un moyen de separation de trajet optique 
destind k s^parer chacun desdits faisceaux de 
lumi^re cohSrente, qui a 6t6 rayonn6 hors du 
dispositif de source de lumi&re et dont ia fre- 
quence est balay6e, en uri faisceau de iumlfere 
de signal rayonn6 vers le globe oculaire et un 
faisceau de lumifere de reference, dont chacun 
se d^place le long de fun parmi deux trajets op- 
tiques differents, 

ill) un moyen de mise en correspondance de 
fronts d'onde destine k : 



mettre en correspondance un front d'onde 
d'un premier faisceau de lumiere diffuse 
vers I'arriere dudit faisceau de lumiere de 
signal, ledit premier faisceau de lumiere 
diffuse vers i'arrifere provenant d'une inter- 
face entre lacomee et ia chambre aqueuse 
anterleure du globe oculaire, et un front 
d'onde dudit faisceau de lumiere de refe- 
rence I'un avec I'autre, ledit faisceau de lu- 
miere de reference etant cohstitue du fais- 
ceau de lumiere coherente qui a ete rayon- 
ne hors dudit dispositif de source de lumie- 
re avec une difference dans le temps con- 
forme k une difference entre une longueur 
de trajet optique dudit faisceau de lumiere 
de signal et dudit premier faisceau de lu- 
miere diffuse "vers Tan'iere et une longueur 
de trajet optique dudit faisceau de lumiere 
de reference, et qui pr6sente une differen- 
ce de frequence par rapport audit premier 
faisceau de lumiere diffuse vers I'aniere, et 
mettre en correspondance un front d'onde 
d'un second faisceau de lumiere diffuse 
vers I'arriere dudit faisceau de lumiere de 
signal, ledit second faisceau de lumiere dif- 
fuse vers i'arriere provenant d'une Interfa- 
ce entre la chambre aqueuse anterieure et 
le cristallin du globe oculaire, et un front 
d'onde dudit faisceau de lumiere de rete- 
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rence I'un avec i'autre, ledit f aisceau de iu- 
ml6re de r6f6rence 6tant constitu6 du tals- 
ceau de tumi^re coh^rente qui a 6t6 rayon- 
n6 hors dudit disposltif de source de lumi&- 
re avec une difference dans le temps con- s 
fomie & une difference entre une longueur 
de trajet optique dudit faisceau de lumifere 
' de signal et dudit second faisceau de lu- 
mi^re diffuse vers I'anidre et une longueur 
de trajet optique dudit faisceau de lumlfere io 
de reference et qui presente une difference 
de frequence par rapport audit second fais- 
ceau de lumiere diffuse vers i'arriere, 

vi) un photodetecteur destine d detecter de fa- is 
9on photoeiectrique une intensite d'un premier 
faisceau de lumiere d'interterence, qui est ob- 
tenue&partirde lamiseencorrespondancedu . 
front d'onde dudit premier faisceau de lumiere 
diffuse vers I'arriere et du front d'onde dudit 20 
faisceau de lumiere de reference, ledit faisceau 
de lumiere de reference presentant la legere 
difference de frequence par rapport audit pre- 
mier faisceau de lumiere diffuse vers i*arri6re, 
I'un avec i'autre, et une intensite d'un second 25 
faisceau de lumiere d'interference, qui est ob- 
tenue & parti r de la mise en correspondance du 
front d'onde dudit second faisceau de lumiere 
diffuse vers I'arriere et du front d'onde dudit 
faisceau de lumiere de reference, ledit faisceau 30 
de lumiere de reference presentant la legere 
difference de frequence par rapport audit se- 
cond faisceau de lumiere diffuse vers rarriere, 
I'un avec I'autre, 

V) un moyen de mise en oeuvre heterodyne 35 
destine ^ calcuier une intensite dudit premier 
faisceau de lumiere diffuse vers i'arriere e partir 
de I'intensite dudit premier faisceau de lumiere 
d'interference, et e calcuier une intensite dudit / 
second faisceau de lumiere diffuse vers I'arrie- 4b 
re e partir de I'intensite dudit second faisceau 
de lumiere ^interference, 

vi) un moyen d' analyse des caracteristiques 
d'absorption de lumiere destine e obtenir les 
caracteristiques d'absorption de lumiere des 45 
constituants de I'humeur aqueuse qui rempiit ta 
chambre aqueuse anterleure, e partir de i'inten- 
site dudit premier faisceau de lumiere diffuse 
vers I'amere et de I'intensite dudit second fais- 
ceau de lumiere diffuse vers I'arriere, et so 

vii) un moyen de calcui de la concentration de 
glucose destine e calcuier une concentration 
de glucose dans les constituants de I'humeur 
aqueuse k partir des caracteristiques d'absorp- 
tion de lumiere qui ont ete obtenues par rapport 55 
e ia pluraiite desdits faisceaux de lumiere co- 
herente. 



17. Disposltif selon la revendication 1 6, dans lequel le- 
dit disposltif de source de lumiere connprend une 
seule source de tumiere capable de rayonner de fa- 
9on selective chacun pamil la pluralrte desdits fais- 
ceaux de lumiere coh6rente, et un moyen de com- 
mande destine e commander ladite source' de lu- 
miere de sorte que ladite source de lumiere puis'se 
rayonner de fa9oh selective I'un panmi la pluraiite 
desdits faisceaUx de lumiere coherente.' 

18. Disposltif selon ia revendication 16, dans lequel te- 
. dit disposltif de source de lumiere comprbnd une 

pluraiite de sources de lumiere, dont chacune 
rayonne I'un desdits faisceaux de lumiere coheren- 
te. ' 

1 9. Disposltif de mesure de la concentration de giucose 
comprenant: 

I) un disposltif de source de iurrVere destine k 
rayonner une pluraiite de faisceaux de lumiere 
e ondes uttracourtes, qui presentent des lon- 
gueurs d'onde differentes, 

II) un moyen optique de mesure de diffusion 
vers i'an-iere dans le domainetemporel, destine 
e faire rayonner ledit faisceau de lumiere e Im- 
pulsions ultracourtes vers le globe ocutaire, et 
e executor une mesure en serie temporeile de 
chacune parmi une intensite d'un premier fais- 
ceau de lumiere diffuse vers I'arriere dudit fais- 
ceau de lumiere e impulsions uttracourtes, ledit 
premier faisceau de lumiere diffuse vers Panie- 
re provenant d'une interface entre la comee et 
ia chambre aqueuse anterleure du globe ecu- 
laire, et une intensite d'un second faisceau de 
lumiere diffuse vers I'arriere dudit faisceau de 
lumiere k impulsions ultracourtes, ledit second 
faisceau de lumiere diffuse vers Tarriere prove- 
nant d'une Interface entre la chambre aqueuse 
anterieure et le cristallln du globe oculaire, 

iii) un moyen d'analyse des caracteristiques 
d'absorption de lumiere, destine e obtenir les 
caracteristiques d'absorption de lumiere des 
constituants de i'humeur aqueuse qui rempiit ta 
chambre aqueuse anterieure, e partir de i'inten- 
site dudit premier faisceau de lumiere diffuse 
vers I'arriere et de I'intensite dudit second fais- 
ceau de lumiere diffuse vers I'aniere, et 
vi) un moyen de calcui de la concentration de 
glucose, destine h calcuier une concentration 
de glucose dans les constituants de I'humeur 
aqueuse e partir des caracteristiques d'absorp- 
tion de lumiere qui ont ete obtenues par rapport 
e ia pluraiite desdits faisceaux de lumiere e im- 
pulsions ultracou rtes presentant des longueurs 
d'onde differentes. 

20. Disposltif selon la revendication 19, dans lequel le- 
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dit dispositif de source de lumi^re comprend une 
seule source de Iumi6re capable de rayonner de f a- 
9on selective chacun parmi la plurality des fais- 
ceaux de luml^re k impulsions uitracourtes, et un 
moyen de commande destin6 ^ commander ladlte 
source de luml6re de sorte que tadrte source de lu- 
mifere puisse rayonner de tagon selective I'un parmi 
la plurality desdits faisceaux de Iuml6re £i impul- 
sions uitracourtes. 

21. Dispositif selon la revendication 19, dans iedit dis- 
positif de source de lumidre comprend une plurality 
de sources de iumidre, dont chacune rayonne i'un 
pamni lesdits faisceaux de luml^re k impulsions ui- 
tracourtes. 

22. Dispositif de mesure de la concentration de glucose 
selon la revendication 1 3, comprenant une table re- 
pr6sentant la conr6latlon entre les concentrations 
de glucose dans les constituants de i'humbur 
aqueuse, lesquelles concentrations ont 6t6 mesu- 
r6es avec un dispositif tel que d6finl dans la reven* 

■ dication 13, et les concentrations de glucose dans 
ie sang, lesquelles ont 6t6 mesur6es au pr6a!able, 
dans lequel une concentration de glucose 
dans Ie sang est d6temriin6e de fagon non Invasive 
k partir d'une concentration de glucose dans les 
constituants de i'humeur aqueuse, laquelle concen- 
tration est mesur6e defagon novatrlce avec un dis- 
positif tei que d.^flni dans ia revendication 13 et la- 
dlte table. 



d partir d'une concentration de glucose dans les 
constituants de Thumeur aqueuse, laquelle concen- 
tration est mesur6e de fa^on novatrlce avec un dis- 
posltif tel que d^finl dans ia revendication 19 et la- 
5 dite table: 



10 



.15 



20 



25 



23. Dispositif de mesure de la concentration de glucose 
selon la revendication 1 6, comprenant une table re- 
pr6sentant la con'6iation entre les concentrations 35 
de glucose dans les constituants de Thumeur 
aqueuse, lesquelles concentrations ont 6t§ mesu- 
r^es avec un dispositif tel que ddfini dans la reven- 
dication 16, et ies concentrations de glucose dans 

ie sang, lesquelles ont 6t6 mesur^es au pn^aiabie. 40 

dans lequel une concentration de glucose 
dans Ie sang est d6tennln6e de fagon non invasive 
d partir d'une concentration de glucose dans les 
constituants de I'humeur aqueuse, laquelle concen- 
tration est mesur^e de fa^on novatrlce avec un dis- 45 
posltif tel que d^flnl dans la revendication 16 et la- 
dite table. 

24. Dispositif de mesure de la concentration de glucose 
selon la revendication 1 9, comprenant une table re- so 
pr6sentant la conr^lation entre les concentrations 

de glucose dans les constituants de I'humeur 
aqueuse, lesquelles concentrations ont 6t6 mesu- 
r6es avec un dispositif tel que d6finl dans la reven- 
dication 19, et les concentrations de glucose dans ss 
Ie sang, lesquelles ont mesur^es au pr^alable, 
dans lequel une concentration de glucose 
dans le sang est d^temninde de f a9on non Invasive 
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